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tance over which the force acts and 5) 


increasing e evidence “suggests: ‘the 
sirability of employing ap- ‘uniformity of the force within this 


_pliances which are capable of deliver- 


Tight continuous force. 128 Even ‘it would 
analytic approach inv olving phy sical be possible to produce any type of tooth | 
engineering principles rather than “movement a single force or ‘two. 
a trial and error procedure should guide equal and | opposite forces, the realities — 
dev velopment « of orthodontic appli- of treatment require a more 
ances of this type and point the ~ = distribution of forces. For instance, Ba a 
for orderly clinical _and nonclinical re- a single force acting through the center 
sea search, Accordingly, it is the function of of resistance of the root could move eo 
this paper to consider the basic bio- tooth | bodily. However the impracti- 


_mechanical principles involved in the cality of such an application for pure <a 

production of light c continuous force. translation necessitates the placing of 
Force in orthodontics is useful three forces (a single force and two : 


4 $3 insofar as it initiates a desirable tissue 


3 equal and opposite forces) 0 on the crown ee és 
response.* *56 It seems reasonable to of the tooth. No matter how compli- 
ee e that this response is a function of _ cated the force distribution | on a | tooth * 


the pressure distribution in the perio- ‘may | be, ‘its ‘specifications | may be ; given 
dontal membrane when a force is ap- aes - quantitatively. Since it has been tra- 
plied to the coronal portion of the ditional i in orthodontics to measure dis-— 
tooth, Therefore, statements tance by” units of f the metric sy stem 


ing total force application “must be (millimeters and centimeters ) , it is de- 
tempe “red by the realization this sirable for reasons of consistency 


force is distributed throughout the force 
membrane in a manner which depends gram- -millimeters. 
upon the root (length, diameter and The forces used in orthodontic ap- 
contour), the nature of the periodont- _ pliances have their origin primarily at 
contour the nature x p g p y 
_ al membrane and the site of force — elastically deformed wires which absorb Se 
In order to define pre precise ly the force unloading. Since orthodontists are con- 
system employed for tooth movement, cerned with elastic ‘spring” 
_ certain characteristics must be consider- properties of wire, it is desirable to re- 
ed: 1 1) the magnitude « of the force, 2) — fer to such mechanisms : simply as sortho- 
the direction of the force, 3) the ‘point dontic : springs. Orthodontic springs may a 
take advantage of either the bending 


study was supported in part by funds or a wire. A A 
from the Tweed Foundation. Read before the 
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Burstone 


Oi coiled extension or compression spring 
bend (torque) in an 


or a third order 


_edgewise archwire, the force is obtained 


: 1) t 


and 


the range of activati 
tic limit. 


is ‘to load. Hence 


throughout the range of activation of a 


spring, the | quotient of f applied force 
divided y deflection is a a constant. This 


per 
meter or gram- jan per radian 


It the necessary to pr 


ably in 

pliances. Rate variation can be demon- 

o strated by comparing two 10 mm stain- 

less steel v vertical loops (Figure 1). 
pectiv rates of loop A ne wire) 


and loop B (.021 x .025 wire) are 60 


gm/ram and 310 ) gm/ m. Loop B 


and conv during un- 
- loading, a drop of 310 gms occurs with 
each millimeter” of tooth 1 movement. 
Loop A during unloading has a reduc- 

a tion of only 60 gms for every millimeter 
tooth displaceme nt. Springs that 
have lower load-deflection rates deliver 
more constant forces during unloading 


to the ne next 
Therefore provides the more 


The of applied | force 


i 
‘Loop B Vertical Loop (. 021 x. 025 stainless seat 


Fi _Load-defleetion rate graph. Loop A 


_ whieh has the lower load-deflection rate de- = 
a more constant force than sedi B. Be 


n the Joad- deflec 
tion- I-rate may very in ay given r 


law reflects the changes ir in 
spring configuration that occur during 
loading. Since these springs lack a lin- 


of activation | is » preferable to predict- 

ing the force on | the basis of an av erage re 

ore. 


If successive. loads yes Placed ona 


scribe force For "greater 9 
however, a table or graph 4 


manent deformation will “occur. The 

greatest load that can be applied safely 
to a wire without permanent d deforma- 
tion is the allowable we vorking load or 


which states that within the pro- 
3 — 
gradient or the load-deflection strated graphically by the latter slope 
— 
— 
— 
— 
— 
experimental data. The largest 4 


giv ren activation is the final loa ore 
order to minimize accidental permanen nt It) can be seen that the design of - 
springs, it is desirable tively constant force springs requires 
to apply a final load that is consider- | the development of flexible members 
ly less than ~*~ allowable king that have both low rates and high ee 
this type are characterized by long 
Closely to oe allow able work- activation and th ability to 


it load is the range "of activation | for absorb ¢ considerable energy. 
“static loading. ‘The range of activation 


~ It is the purpose of this pa er to con- — : 


_ sider the various factors that are im- 
portant in ‘the design of low-gradient 
springs and | to. present both theoretical a 
and experimental documentation of the _ 
principles involved. Although the bend- — 


have anges sof a activation. ing properties of wire” are” primarily 
The desirability of continuous forces given to illustrate spring design, 


"permanent 
Springs “that possess ‘llowable 


applied to other f flexib 
es in clinical orthodontics. 
ously between appointments ‘will dem-— 
onstrate a 1 marked lack of uniformity — 
in force For this reason, ap- 
_ pliances of this type must be activated — 
so that the final load is great enough to to 
insure an average force level which is 
adequate for tooth movement. Physi-— 
ae ologically, the final load is apt to be 


ideal orthodontic s 


By: given ty] pe of tooth ment, 
but rather that sudden. changes in force | 
magnitude should be eliminated. Since _ 


Hooke’s law suggests that no spring is 


in its action, the 
quest for a constant force spring re- 
solves itself into the utilization of 
springs with low load-deflection rates. 4 


In these terms a constant force i 


+ gradient it is ecessary, however, e- 2 Hunter Gauge with dial indicator to 
assure a sufficiently nigh: 


— — 
— 
—- 
— 
— 
— 
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— —_—~— — 
— 
— _ force throughout the imply that 
8 8=—Cl — 
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Mechanical Proper The mechanical 

nature of the wire 

dontic may | 


(E)*. ‘The modulus represents a stress- 

‘strain ratio in tension or compression — 
which | expresses a measure of the stiff 
ness of a material. It is basically a con- 
stant for most wires and is not appreci-— 
ably altered by work hardening or heat 

treatment. Residual stresses, however, 
induced during cold working modify : 
the stress-strain relationship to a no 


linear form and may be 


+ 


3 “The Franke Static Wier Tester Disregarding residual stresses and pref 


_ elasticity for for most practical 


can be considered a constant. 
experimentally determined by a special- If spring configuration and dimen- 


unchanged, rate may be 
altered only by using various alloys 


_ with different modell of elasticity. For 


Hunter mechanical ieee, L-500, 
anda Brown | and Sharp dial indicator or | 
(Fig. 2) and the Franke Static Flexor 


tical in every respect would have rates’ 


c pi 3). All ‘Springs were form- — that vary as the ratio of their moduli 
irom 


rthodontic wire, (18-8 stair (Table Because of its higher 
snd weal), purchased on the open mar- modulus of elasticity, the steel spring 


et and following fabrication, would deliver 1 8 times as force 
specified, were stress relieved 
F three minutes. Experi- 


is the Woot 
flection — 


is a constant for a given 


a 


— — 
Wel — 
4 
ation was noted in differe cant vari- steel than i 


ul Pr operties 0 of Ty 


28,000,00 


Bfeet of Stress-Relieving Cold Worked 18-8 Steel Wires 


- 800 F. - 1 
As cold drawn 


750 800 F. -1 hr. 


As cold drawn 
After stress-relief 
(750 - - 800 F. - 77 br. 


the proportions (Sp)*. nces, i 
the proportional limit the gr great- oriented, may increase 
er is the allowable working load. Unlike ent proportional limit. SR 
modulus of elasticity, proportional limit A’ comparison of and steel 
can be affected ‘markedly by grain size, spr springs of identical diameter. (Table 1) = 
cold working and heat treatment. Cold © demonstrates that the allowable load of | 
yorking increases the the elastic properties a ‘steel wire is approximately two times 
a a wire an and, since a small diamet as as great as the gold. This comparison — 
3 wire usually is subjected to greater cold applies only in a high quality steel 
working, it will tend to have a higher wire of small gauge where proportional 
ortional limit than a larger wire. limits are high. . A _ more a 
of induced stresses produced comparison is between gold and steel” 
tg ip during drawing will further enhance ‘the — springs of similar rates and thereby dif- 
propor tional limit (Table ferent diameters. In this case, the allow- 
should not be inferred that all residual able load of the steel member is 1.30 __ 


ses are undesirable for in many i imes as great as the gold. per 3 ‘aay : 


eM is the bending moment 


Proportional Limit (msi) 

| 
— 
— 


ing resistance permanent, deforma- 

tion and the rate of a ‘Spring. On the : 
basis of “feel”, 

ry 

that a spring soft steel wire 
has a lower spring rate than an identical 


identical sof t and hard 


are nearly the same. The difference in 
‘Pig. 4 ire cross sections. — 

feel” be by the and C — Rectangular. Neutral axis — dot-— 

lines. d diameter; h — depth; 


ce to bre 
produce “permanent deformation. 


he mechanical - spring constant incr 


n pepedies of a wire o offer only limited power of the diameter of the cross al 


{The maintenance of tion. For instance, if an .010 and an 
wire: are wire ex the same distance, 
the .020 wire exerts sixteen times 


‘At the it is not 


a sible to suggest any alloys that are ce twi ice as great. For square or ‘rectangular 
wire the spring rate is only directly pro- 
3G portional to the width (b) of the cross 

= future new and superior section but increases as the cube of 


developed that be depth Thus, a change in dep 
orthodontic springs. has a more pronounced effect on 


sectional geometry: The change 
ae en deflection than does a change in 
in rate which occurs as a result of alter- | 


or cross se ti f the width of the cross section. For in- 
e s section of a s ring wire is 
me stance, the result of decreasing the) wire 


simply proportional to the « change -pth by to: spring 
_ wire dimension or to the cross-sectional “rate by a factor of eight but, if the 


area. - The resistance of a wire to ing ‘ 
ge ve tob bend! width is decreased by the same amount, 


, a 1e rate is reduced only by | a facto or 
rather by the distribution of 
oe two. Similarly, it can be demonstrated 
- around the neutral axis* (Figure 4 on 


can be demonstrated that 


flections_ in .021 x .025 wire require 
small increase or decrease in ‘more one and a half. 


One might gain the i impression that 
a low rate spring could ‘designed 
simply by reducing the of 
the cross section. Unfortunately, 
: or near the centroid of a cross section. It * 


represents fibers that are subjected neither this approach i is limited by the fact that 


to tensile ‘nor compressive stresses allowable to load changes as 


| 
— 

Be bse 


EG — Forces” 


= 


A 
are too radically, the concomit- 


4 


€x- to direction of load; 1 — perpendicular dis- 


ae ample, a an n .020 y wire can eae elas- ti ance from applied force to any cross section ig 


ib much loading as can an .010 wire sim- Fic 


ilarly” of same alloy. Win n: The difi 
Likewise an . 010 x 020 rectangular’ e mo ification 


of the linear. configur. uration of aw wire 
wire elastically can withstand only one 8 


eighth the load supported an 020 offers the greatest potential in altering 


optimal cross- ciated shape is spring. Since the possibilities of de- 


determined by the loading conditions — ee numerous, ® simple and repre- 


which a spring is subjected. If a _the cantilev rer, has 


is to be bent in many directions during been chosen for illustration. A ca canti- 


nor mal use, a round cross section is the _lever or finger spring is ® flexi ble -—_ 


ber that i is restrained at one end and 
most desirable. On the other hand, the the ot other. 
unidirectional bending is flat wire and (Figure 3) To ‘simplify the discussion 
ays ap- 


it can be demonstrated that the flatter — it is assumed that the load is alw 


wire more will be its ata right angle o the long 


the wire throughout the range 0 


members, except for cross section, can "activation, 


Support identical maximum loads, it Achange in th 
found their rates vary their produces a more dramatic 
diameters (round wires) or -breadths rate than on allowable load d. Specifical- 
and depths (rectangular wires). More ly, the rate varies inversely as the cube 
precisely, the rate vary as the distance of the length , but the allowable load 


the neutral axis to the most re- Varies inversely as the first pore 


ae mote fiber in the plane of bending (c). ‘S “the length. The influence of wire le ngth : 
_ As a specific example, a ‘spring fabricat- can be illustrated by comparing a 10 — 

ed from .023 round wire and an .008 x mm and a 20 mm cantilev er fabricated 
wire may be compared since the of the same kind of wire. In n respect to” 


maximum loads both | ‘Springs are rate; the 10 mm spring has a gradient 


ntical. By calculation the .023 round eight times as great as the 20 mm one. 
wire spring rate almost Yet the allowable load is only twice 


cross section with minima! depth and _ loops _reduces spring rate without af- 
width is Excessive cold fecting allowable load. Although bends 
be along the 


gg 
— 
— 
— im 
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— 
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‘January, 1961 


‘ment is maximum. 
noment is directly peleted 0 to the degree E 
_of bending at any given cross section of 
oe wire, the greatest elastic deformation 
occur where the bending moment 
is greatest. It is at this point that ad _ 
"ditional most effectively reduces i= 
the load-deflection rate. The maximal 
_ bending moment of a cantilever loaded a 


: 3 with a a single transverse force is at its. 


fixed end which is from 


corporation of a helix in the area 
-maximum bending decreases the | spring 


tion 1 rate in a cantilever ‘modified with 
helix is determined by the diameter 
e load-defleetion rates 0 
of the helix, number turns in the 
he lix and the of the cantilever.* 


three millimeter helix, ‘it is in th the graph is is ‘explained by 
that the rate of the modified cantilever the fact that the beams were loaded 
is reduced about one half (forty-six per i weights and therefore, the force 
cent.) On the other hand if. two turns ns was not always dir directed at right angles 
ve are placed in an identical spring, the to the axis of the wire. For that reason — 
rate diminished by fifty- eight per cent. an increase in rate occurs with large 
‘The ability of a properly placed coil de flections and is most not ‘noticeable in 
Si to alter the deflection properties of a _ cantilever D. It can be seen that with — pay : 
= spring is shown graphically in | Figure 6. 6. the use of a coil near the point of sup-— 
A three mm helix consisting | of two the shorter cantilever has ar more 
= has been placed at the point — reduction in the spring 


11 mm cantilever the rate has diminish- _ 

ed from (278 gms/mm to 85 /gms/mm. at this point permanent de- 
Similarly, | the rate of the 26 mm struc- — formation is more likely to result when _ 


ture diminished from 25 gms/mm_ to the wire is loaded. This danger is ‘the 


a 
7 
= 
im 


activated in the opposite direction. This 


rae sie diameters and one and one-half turns _ Fig. 7 Direction of spring activation. 


at 


Continuous Forces 


_ diameter helix with the helix 46 
andone-half turns) 


diameter helix with the helix «43 


greatest where the is 


bends should be particularly avoided. 
to the linear configuration tion and the full ‘eile pro- 


of a spring, it is apparent t that optimal * perties of the wire are not utilizec x 
design i is influenced by the 


YLINICAL APPLICATION OF 
Spring Act During fabr ica A two- -step procedure can 
oe tion of a spring residual stresses may Z gested for the design of an orthodontic. 


in wire. If the ‘Spring is spring. First, on the basis of the 


reloaded in the same direction as” ‘the ology of tooth movement and with con- 
original bending, the apparent stress loading peaks, 


which the spring could subjected a rei i g load is” 


without permanent deformation is con- established. “Second, the type of alloy, 
nin siderably higher than the proportional — the wire cross section and the linear 
i limit for a passive straight wire. Con- , configuration of the wire are varied $0 
versely, the maximum load is ‘less than that the spring constant is minimum 
es. the predicted _ value if the spring is for the established allowable load. It is” 
ent that all of the actors that 
can be e explained | by the have been ace identical 
presence of residual stress which al in their influence on spring rate and 
_ to produce a more uniform stress distri- resistance to permanent deformation. _ a 
during proper loading. It also alteration « of the cross- 


of activation of two identical 10 mm 

A : 
_ (Figure 7), It is apparent that springs Se helix, B) loading winds 
elix. greater range 0 activation is 
of this should be activ ated found if a opting or vertical loop is activat- 


direction which would to further ed as in B. 
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: 
atic lowering of rate pepe patient comfort keeps to a 
f the wire number of turns that can be utilized 
in the pe design of an orthodontic spring might 
is less. Finally, additional wire placed be, it is unsuitable for clinical purposes 
the bending moment is greatest if it is irritating to the soft ‘tissues, un- 
has the ability to reduce the spring hygienic, uncomfortable or overly com- 
without affecting the resist- plicated to fabricate and use. 
ance of the member to permanent de- Rens To demonstrate some of the 
nar formation. The influence of alloy, wire ties of design, a flat wire spring aly 
cross section linear configuration ed for anterior retraction will be de- 
spring characteristics is summar ized scribed. ‘The s has been. n de 
The design of a spring is not only | yi force over a a large range of activation. rT’ 
"determined by ‘mechanical factors but A jig is is used to fabricate the 
also influenced strongly by inherent in order to minimize the variation 
within the oral cavity. The spring characteristics that would re- 
ertical of a a spring is by s sult from variable dim dimensions. The 


Fae Influe Rate, J “Allowable Working L Load at and Raz 


LOAD-DEFLECTION ALLOWABLE 


Varies as Varies 
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Parallel loading of type 
higher rate than simple loading by 
force that remains at right angles to to the 

vertical arm. This higher rate must be 

compe nsated for the il apecificat of 


Vertical arm 


choice since a slightly lower rate fe could 

be “produced maintaining the same al- 

lowable load. However, the Spring 
i, ould be redesigned in n gold, using larger. 
cross-sectional | dimensions without any 
“marked detrimental effects. The flat 
(.008 x ) is employed because 

of unidirectional bending. | 

4 vertical arms is desirable for three rea- 
sons: 1) the range of parallel activa- 
is increased, 2) it offers an -effici 
method of lowering rate without 
cessively decreasing the allowable work- 

_ ing load of the member and 3) angular — 

is minimized and hence the 
rate during paralle| displacement of the 
horizontal arms is lowered. The maxi- 


18-8 Stainless Steel 
Stainless St 


stress relief 
helix, A and ocelusal helices. Ce mter — before winding 
Wire cross section ‘Flat .008 x 0200 


archwire and anterior seg- Diameter 
ment rectan ngular washers and | is (large helices) 
activated in _the direction shown in 
Figure 8. It is important to note that 
force and a couple are required 1 
activate the member so that the hori- Number of turns = (A) 
arms can remain parallel in (oF 
the he range of activation. 5 
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— 
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“Rate of ‘Ten mm Anterior Retraction Spring 


this design be apex of the spring preferable to determine t 
for this reason, a coil with two and __ by a load- deflection table (Table 
one-half turns is incorporated at a: rather than by multiplying the average De 
point. “The helices at the junction of rate by the deflection. The spring h has 

the horizontal and vertical arms are a high allowable working load (over 
< utilized to compensate for the a gms) and, as opens, — 


Depending the depth of the _ allowable loads of the flat wire spring 
mucobuecal fold, different and two used vertical loops 
employed in the flat \ wire retraction d graphically ‘in Figure 
10 mm high spring averages Discussion 
vation. Since the average rate he release of "relatively 
¥ slightly with: greater has been shown to 


id 


mm for the first five millimeters of acti- 


ir 


O16 


A 


| 

we 
| = a 
ee 
— 
— 
— 
a a Fig. 9 — Left. The load-deflection rates of an .010 x .020 flat wire ee — ee 2 
Spee and two other commonly-used retraction loops are compared. The load represents the ‘foree ee — Ss: 
required for each millimeter of spring or loop activation. Right — 
an x .020 flat wire anterior retraction spring and two other commonly-used 


‘marily on the structural design of the which needs to be ‘opened more 
appliance and secondarily on the four millimeters. Initially he 
chanical proper ties of the wire. Proper periodontium would be expected 
selection and handling of an alloy dur- spond similarly to” these two s springs, 
ing spring fabrication are essential, but once the tooth | has begun 


in no sense will correct unsound Me- the re responses vary. "When 
chanical principles employed in design. moves a quarter of a millimeter, the 


Since many different alloys may be 
adapted to appliance fabrication 021 deliver a a force 


thorough understanding of mechanical of only 15 whereas the .010 x 


020 spring will still be delivering about _ 
“8 properties is essential for the design ae 140 or after the cme ae 


satisfactory spring. It is emphasized total distance the .021 x 025 


or tes that a given spring design that is satis- 
i ieee factory a ‘steel should not t be fabricated spring can move the tooth with one ad- . 
id justanent is less than one half a milli- 
= in gold or any other alloy wi € €x- ‘meter while the .010 x .020 5 spring is canes 


oe) pectation that the same characteristics — still exerting a force of 130 to 140 grams pda : 


I , after one half millimeter of tooth move- 


A higher predictability in estimating ment, 


‘this reason, low rate springs 
under clinical conditions | would be as- 


sured if wire dimension and quality which do not “rapidly dissipate their 


stored energy move teeth over greater 
demonstrated greater standardization. 
distances with one adjustment. How- 
ever low rate springs can quite 
if they are activated to 


orthodontic mage ‘of the terms 


wires with consistently high proportion- 
all simplify "spring design and 
formation produced by accidental over- therapy have employed this phraseology 
loading. Any c criticism of presently avail- to describe. quite different force quanti- 
able wire should be tempered with the — ties and load-deflection rates. Moreover, 4 is 


et realization that the weakest link in the a? ‘light — has almost = emotional 


d 
development of orthodontic appliances connotation since few orthodontists 


is not to be found in a lack of quality _ would want to admit to the use of ’ 
wire but in inadequate structural “heavy force”, irrespective of clinic- 


al roced res i volved. order 

The i importance of spring rate as ap- 


avoid” ambiguity, specific magni- 
plied to optimal force values cannot be rates of release 
overemphasized. differently de- yague references and 
signed appliances might deliv ver “continuous” force. 
search is needed to deter 


il t 11 of 010 x 
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&g 
produce 150 grams, a ten millimeter different types of tooth movement. Un- | 
vertial loop» of 021 x stainless less the clinician and the basic investi- 
steel wire requires only a half milli- gator have a thorough understanding 
— to of appliance design and their force 
.020 systems, research of this type becomes 


haphazard and m may lead to fallacious — «6. Loading a ‘spring in the same direc- 


ist as it was originally wound 
creases its elastic range e of activ ation. 


-SuMMaRY AND CoNcLUsIONS Although the mechanical properties 
a wire artly determine its actior 
Che biomechanical principles: of con- pa tion, 


the. primary factor in the deliv ery of 


force delivery in orthodontics 
a have been explored. The confirmation 
of theoretical considerations by experi- 
me mental data indicates the possibility « of | 
predicting the force characteristics of 
appliance by methods. varying conditions of tooth 
re ‘latively constant force spring for movement implies a thorough under- 
"anterior has described. Standing « of f the structural design of 
appliances as well as knowledge of 


physiologic "process of tooth 


8. Biologic research that aims to dete r- 
mine optimal force levels and rates 


No s spr ing is completely constant in- 
action. The most forces, 
at optimal force levels, are derived 


springs possessing low load-de- 


2. 18- 8 stainle has a slightly high- 1. Storey EK, and Force 
maximum load than gold if springs Orthodontics and Its Relation to Tooth 
Movement, Aust. J. Dent., 56: 18 
ey and gold are not interchangeable 2. Reitan, K.: Some Factors Determining 


nay 


since the ratio of their moduli of the “Evaluation of Forees in Ortho- 


temperature stress- relief i in- 3. Begg, P. R.: Diffe vrential F 
creases the proportional limit of a 501, July 1956. 


cold weened stainless steel wire and 4. Halderson, “Johns, E. 
Moye ors, R.: ‘The Selection of Forees 
thereby, increases its allowable work- For Tooth Movement, 4m. J. Ortho, 
5. Sehwarz, Tissue Changes In- 


ea ment, Inter. J. of Ortho., Oral. Surg. 


4 
mension a wire. Radiol., 18: 331-352, 1932. 


Moyers, R. E. = The Periodontal Re- 
loading, the optimum shape for sponse To Various Tooth Movements, 


__ Cross section is rectangular with wire Am. J. Ortho., 36: 572-580, 1933. | 


depth at a minimum and width ata? 7. Equilibrium of a Tooth 


}. The greatest potentiality in tele 
8 P 8 of Armeo Stainless Steel, Publication, 


=a properties is found in the lin- = Armeo Steel Corporation, _ Middletown, 

Nostrand Co, 1955. © 
10. Fryar, Load Deflection > 
terminations of Specifie Wire Con- 
Indiana 


i lowers the rate without changing the 
alain load that may be sustain- 
without permanent deformation. 
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anatomic ‘entity, has ‘be n by wire rests over incisal edges 

one author as the “apical one third lower halves of the labial surfaces: 


alveolus ant the bone su 


bular teeth" It is the “consensus of from the 
teeth results principally in reshaping = W hen the maxillary premolars were 
_ the alveolar bony arch with little if any banded d, , Cross- elastics: were worn 


change i in the deeper parts: of the basal tinuously | from the buccal of 


arch. It follows that malocclusions ex- of lower 
_hibiting disharmonies: between maxil- 
ary and mandibular basal arches, was plac “subsequent visits 
either their size or position, plac e limi- mass torque (buccal on the 
tations on treatment and have € a ques- crow ns) was placed in | the canine, pre- 
molar and molar segme nts 
patient was plains the necessity of 
seventeen year old male. The lower when but one torquing twist is placed 
of the face and the mandible were i in the arc hwire _just mesially to the ca- — 
omewhat larger than average, but they ae nine tooth of each side, the buccal or 
were greatly caceeded in size by the lingual tipping force is felt on the 
cranial, zygomatic and maxillary areas. canine teeth when their bracket slots 
an The ‘mandibular dental arch ‘was al- are engaged with the | wire, 
most completely within the maxillary. — to the fact that they resist this ie 
heen was due more to difference i in the | and so prevent the wire’ from untwist, 
s of the basal arches themselves, ing, also automatically remove all 
then to buccal or lingual axial inclina- 
tions of teeth ‘in the opposing arches. if ir 
the right first and second mola‘ brack poster 
were i in occlusal function; all other the por ise arch lies passir 


mandibular posterior teeth were in in the premolar bracket slots and in 


complete lingual relation and impinged the rectangular sheaths of the molar 
on palatal gingiva, as did the low bands the tipping 
r_anteriors, 1. The malocclusion action that is desired’. 


ericoronitis Tower 


‘there 
“Edgewise bands were on bite with the premolars The 
and round w ires were placed gerated Class II relation with the max 
levelling and expansion. In the _ illary second molars in the 
= arch, a was of the “the molars. 
and ent Therefore, the maxillary nd 
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— 
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left first molars were e oe 
second molars banded. By means of Patient cooperation, the 
oops, in in conjunction with Class II elas 
tics, the premolars were retracted into— 
the: extraction s aces. Followin 
me procedure — as used for 


age. It was discarded when the cuspids 
e completely retracted. A full edge-- 
archwire with closing loops distal 
to was placed. his 


force was continued. 
i 
<a three years ond two o months. Treatment 
was lengthened by the patient’s tem- 
porary absence for milit itary Service 
For the same reason, no retention 


— 
— 
nt to prevent an undesirable lingual — 
— — 
— - 


mining factor in success, was excellent. 
comparison of cephalometric trac- 
ings made before treatment and fifteen 
ater appliances were re- 
See: _ moved shows a slight increase in an- 
‘terior overt overbite. Fic. 4 
terior ov erjet and Fig, 
Malocclusions and their correction _ 


three-dimensional problems and, 


ites, 
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seven foot tall person among five hun- q 
relationships is. a prerequisite to the thousand people. ‘This concept 

understanding of such disharmonies. more concrete if we use the measure- 
We have accepted a relationship of ment of a facial factor rather than one _ 

teeth which function efficiently an and ap- phy Understanding ¢ of harmony: 
pear evenly arranged as being good oc- 
clusion. Notions of facial harmony have 
formed and nourished by the 
media of advertisements, movies and 
television. There is a tendency to iden- 


tify variations from these ideal the measurements 
as bei ing g disharmonious. taken from headfilm tracings of thirty- 
When good or normal exists two good occlusion cases. Mathematical = 
in a mouth over ‘a period of time there on correlations and ‘multiple co cor- 
must be physiological balance present. Me _ relations were secured through use of Tee 
If there are statistically significant re- - the IBM 650 electronic computer. Pro- = 
lationships between basic facial struc- perly used, the derived figures provide 
tures and teeth in good occlusions, good occlusion formulae which can be 
it is probable that these relationships — applied to any case . Orthodontists can 
are physiologically essential to oc- mate h harmonies” which exist the 


y 
A wrong approach | made in persons to those of their own patients. 
the evaluation of measurements. s made his be done prior to the removal 


possible with lateral ce phalograms. The ay appliances | to ascertain whether 
establishment of standard deviations tients are ready for "retention or 


from means is important to the under- further ‘treatment. 
standing of statistics, but misleading in x x-ray films studied are in 


orthodontics. A study of untreated per-— 
sons with excelle “nt occlusions shows a_ Se eattle, and the most recent 
wide variation of me asurements of ries taken at two-year intervals. Most 
= alae fac tors within the facial complex — of the patients were fourteen years of 
Separately, each factor can be studied age and both male and female vauca- 
listing the measurements | sians were included. The following 
y -sians were inc g 
ae ly. Such a listing, however, does not im- quoted from a personal communication — 
that the people represented at each from a Dr. Alton W. Moore, “Tl he cases 
highest and lowest scores, hav 
occlusions any less acceptable or less 
normal than those in the middle of & ata were selected on the basis of ine 
such a listing. For instance, if but being normal or or good occlusions, and 
person in fifty has | excellent occlusion have maintained their occlusal 


and if but one 


iii 
Sl 
q 
— 
: 
— 
— 
— 
— 
— 
— 
— 
— 
— 
; 
— 


ir Plane Angle 
Plane 
. to NA 


to ND Angie 
NB 
to FH 


NB (mm) 


to Facial Plane (mm) 
Overbite 


Whe 


a> 
a © 


facial plane angle ‘decreases 

able lists ‘the ranges, means, an increase in both mandibular 

standard deviations of eighteen men occlusal plane angles. If these changes 


of the thirty- two be ‘Shown: ‘to exist the 


Two have been added; {the facial on angle decreases 
protrusion is decrease in the angles of both maxil- 
from the facial plane to the most lary and mandibular central incisors 
a point on the crown of the maxil- | to FH. If these changes could be shown — 


lary central incisor; overbite is measur- to exist throughout the sample, positive ae. 


ed in millimeters from the tips of ed __ correlations would be demonstrated. 
and mandibular central in- correlations from biological 


cisors- at ‘Sight angles to the material are seldom attained. Among 


bike reasons for these imperfections, i 


ements as sm as as this Paper ii is concerned, 


greater variation where small differ- The selection of the good occlusion, 

Figure 1 compares tracings of good on human judgement. 
_ occlusion cases with the extreme meas- — 2 The positioning of the head with- 
urements of the facial plane angle. in a device some 


He T able lists all for 


— 
goed. occluden cae — 
| 
Bai 
— 
— 
— 


, 


MANDIBULAR PL 23° 


T TO 1 ANGLE 


 OVERBITE (mm) OVERBITE (mm) 3.5 


— 
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ee tern to the plotted “measurements 
elation exists, , but where the points 
measurements are scatter- 


correlation. relations ae 


not been differentiated. 
millimeter measurem 


would a anticipated in large per ' 
than in small persons, but no _ment increases in direct proportion to 


for this effect has 


the other, a perfect correlation of 1.00 
is scored. If one measurement decreases 
in | direct proportion to the i increase of © 
“cusps permit greater of the 4 the other, a perfect negative correlation 
jaws and deeper overbite than flat of -1.00 exists. This is just as valid as a 
‘This could affect ‘several plus | score, Where none exists, correl a- 
easurements, way tion is measured as 0.00. ‘Technically, 
considered. “this is the mean cross product of f stand-— 
7. The measuring a * 
headfilms are processes subject to Figures 3 and 4 demonstrate patterns 
both positive and 


error in mechanics and judgement. | 
a ‘tion. Because some of the angles and 


er To limit this error the author per- 


formed these operations personally. have greater spr 


- Protrusion and retrusion of the teeth ¥ valuate these graphs. For this ose 
“affect the profile. Much concern has aid of Mr. Charles R. Hebble, 
“expressed over this esthetic effect. fessional engineer in hydraulics 
Because personal preferences influence member the American 
Teal t results it important to_ to Civil Engineers, was enlisted. 
if preferences are being substitut- work Mr. _Hebble- the IBM 650 
ed for physiologic balance. If correla- computer. 
Ge exist between facial measure- The first step taken was 1s to measure 
ments and dental measurements in this the correlation of all 153 possible com- 
Fespect, a more IV lists these coeffi- 
2 compares tracings of the At this point we. 
occlusion cases with the extreme harmonious relationships common to 
measurements for protrusion boys and girls fourteen years old, an 
facial plane in millimeters) . Table Ill age at which many are completing 
lists for these two orthodontic treatment. selecting 
way to observe have moderate or ~~ coefficient 


mony ‘in n these re espec 
all the cases in a The ranges is a coefficient of correlation of 


designated vertically for one meas- 
urement and horizontally for the other. ibe ‘mandibular plane angle. 


of Figure 5 shows tracings of two cases 
See from the practice of the author. 
: Both cases shave a facial plane angle of 


3. The maturity of the individuals a 
d d ined. _—i| 
j- measured was undetermined. 
4, Though twelve female and twent 
— 
— 
— 
— 
— 
— im 
= 
— 
— 
— 
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seemingly related measurements are know if anv individual presents har- 
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: a Fi ig. 3. 3. Positive correlations. Above—Facial — 
plane with 1 to F with 1 


to Fae ial ane. 


plane angle from 17 degrees | to 3 31 
‘one of these se cases presents a a 
- mandibular plane angle of but 10 de- = 
iz grees while the other has a 36 degree = 


an angle. This is but one type of facial dis- 2 
tween the angle of convexity and Pg to > 
NB (mm) or chinbutton. Figure | 6 com- 
tracings | of | two: patients -sele om 
‘the practice of the author w 
present different aspects of this dis- 
_ harmony. T The standard error indicates, 
= a case with | 4 millimeters of chin- 7 
button, an angle of convexity of from 
degrees to -5 degrees, but + 
"presents a 12 degree > angle c of conv vexity. 
measurement of _ millime ter. he tom—convexity with gto acial plane 
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Ay 


066, 
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179.008. 628 
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 Disharmony 


grees to 11 degrees. Instead the angle 


e of 4 


NB (mm) 


= convexity reading i is but zero” de- ‘scattergrams ‘on which the line 


: Fi igures 5 and 6 each represent a type 

of Both might be. found i in 
any patient, along “numerous 


others unexplained here. Table IV 


lists. fifty-six coefficients of correla- 


along with the lines repre-— 
senting standard errors, is present. This 
line of regression is drawn to the slope 
_ of the line of best fit. It is mathematic- 
determined. Mr. Hebble calculated 


slope of these lines as well a: as 


were sclocted (Figures 3 and 


‘harmonious | re ‘lationships which shoul 
nt 


stho- 


First MeTHop oF 


nations of seven facial and dental meas-— 2 


treatment (angle of convexity, Pg to 


= ly with “orthodontic ode 


(mm) and angle), 


One method of orthodontic diagnosis ee treatmen 


4 


Six scattergrams representing 


— 
f these repr 
| was intended to represent some whi 
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ExamPLe 


in facial plane angle and pro- | 


trusion v were picked to see how treat-— 


AGE 1 


Example 1 


ABI -LANE 
™ LAR P 


9 


CLUSAL PL 
T TOL ANGLE 
MAN. 
‘ 


angle and 1 to fi facial plane (mm) 


é 
AB PLANE 9 


OVERBITE (mm) 


CONVEXITY 


OCCLUSAL PL 
TO MAN, 
1 TO FH. PL. 
1 1 TO NA (° 
‘TO ‘NA (mm) 


“TO. NB (am) 


108 


Pg TO 


ANB 
1 TO FAC. PL. (mm) 18.2 : 


2 e 


the « case with ‘the least facial 


i demonstrate this method thirty- angle i is labeled example 2. Figure 7 


a consecutively treated cases were 
ras taken from the practice of the author 
for evaluation. — The only criterion in 
the selection of these cases was that 
required complete maxillary and 
mandibular: banded appliance t herapy. 
They were treated before these coeffi-- 
of corre been calcu- 


"From these cases the 


it had affected the six relationships 
mentioned above. Because 
Cases were | ‘involved it became neces 

 Sary to ‘repeat these scattergrams on 
Mic larger Scale to include the greater 


“greatest 


extreme 


shows tracings gs before treatme nt 
be compared with Figure 8 
shows tracings of examples 1 and 
after treatment. Table V_ compares res 
measurements for examples 1 and 2. 
aie, he case with the most protrusion is ae 
_ labeled example 3 and the case with ae 4 
te labeled example 4. 
Figure 9 shows tracings before 
ment and can be compared with 
ure 10 which shows ‘tracings of e 
‘amples 3 and 4 after treatment. ‘Table — 


‘VI compares measurements for 
amples 3 and 4 


ergram on whic) the of “treat- 

nd ment for these four example cases have es 
been plotted. Because the facial plane 
angle and the mandibular plane angle 
a change but little, the most to be gain- _ 
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OCCLUSAL 
T TO MAN. PL. 8 —1 +1 T To MAN. PL. 
TO FH. 118 «(1108S TO F.H. PL. 


PL. (mm) 
BITE 


that all four lie close to, oF 
_ within, one standard error of the line _ 
regression: which represents a basic 


Figure 12 is ‘the extended 
ram showing the correlation of 
of convexity with Pg to NB 
m) or the amount of chinbutton. 
‘hese measurements have been affect- 
ore by treatment than” those in Plane 


igure 11, examples 1 and 


"gram the facial plane angle 

and the occlusal plane angle. While the 

facial plane has remained quite 
stant, the occlusal has im- 


= ~ 


% 


interesting in the light of these 

lated facial factors. Both the angle of 
= and chinbutton change 
degree with the mov ement 


‘retraction “of these ro roots ‘these 
measure ments in way that extrac- 
tion would, but to a lesser degree. At 
‘sent optimums insofar as Downs’ pos 
and B are concerned. 
ee * one considers the muscle attach 
ments at the base of the nose and upon S 


the | symphysis of the mandible, a con 


: 
cept of protrusion emerges. The close 
attachment of the facial musculature 


re. 


14 ‘the extended  scatter- 
facial plane angle with the angle 
1 to the FH. ¢ Great change in the 
the maxillary central incisor 
evide nt. Examples 1 and 3 have im- 3 ge 


ample 4 worsened example 2 Pane 


“changed from one to op- 


fen ways 

protrusion these four examples pre- 7 
before and after treatme nt, an 


‘in these aspects. 1 had an in- 


crease in the amount of chinbutton 


which offset the in protru- 


sion that no improves ement is noted in ‘et 
¢ 


‘Angle of Convent ty 


— 
— 
— 
il 
— 


tors and measures others in 
per of convexity ol 1 to > facial al plane to their contribution in a variance. In — 
(mm). Similarly, there is a eae case the factors are “measurements 
negativ coe ient correlation of facial and ‘tev ‘is of 


Pet to NB end of ‘ten separate steps to ‘work: asa ‘single 
Ms facial plane forward, but this is refut-— solution was devised. Eight of the cigh- 
a by _ coefficient of teen measurements from Table I were 
selected as | basic and least affected by 
facial "Evidently the tilt- ‘movement, These were as as 
ing of the mandible with an lows: 


affects Pg to NB (mm) as 1. F acial plane angle 
the moderate “negative | coefficient: Angle of convexity 
correlation (— 408) between 3. Plane angle 


fee fac tors. In our se cond method of evalu- — 


ac counted for. It would seem Pe 
to NB measures facial muscle pressure, 
or for an increase of Pg to NB of one = Pg to NB (mm) 


protrusion, | to facial plane These eight factors 


approximately f four” millimete analyzed with each of the remaining 

hele ae The above sys system m of evaluating meas- e- ten tooth measurements to arrive a 

_ureme ‘nts for a case is often all that . equations which best explain th their vari- Rie 
necessary to establish concepts of har- ance and interacting ¢ effects. 


| 
monious relationships. ‘By definition, a result, 1 occlusion equations 


however, only about sixty-eight percent ‘have bens pad termine 
ag cases lie a standard error separate measurements for tooth 

of the regression ines in a scatterg 

cases were selected for their goo representing “harmonious an 

. 

nosis using “then m as criteria . Multiple 


cases. Table VII is a ke y to the for- | 
correlation or multiple regression equa- 


mulae, found Table VIII, which 
e an e i 
parts of the face posterior ‘positioning of the maxillary 
is reasonable to suspect that the position 


of the t th d th facial * and mandibular central i 

teeth depends upon the faciz 


those x. values. which are statistically 


— 
— 
— 
im factors enter into this relationship. It SECOND METHOD OF EVALUATION 
— 
— 
— 
— 
— 
— 
_ 
lm 
— 
g 
— 
— — 
— — 
— 
a 
Ne position than others Multiple correla- 
variance Using  etenwiee desired y measurement, as well as a 
procedure it eliminates irrelevant fac- constant (K) for that y measurement, x 
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3 Plane Angle 
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Plane” Angle 
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Relationships 
00.  Oce ssion Eq n ti 
he. Ideal A ngle toF H. for 2 


Festal Piene An 


for Exam pie 4 


& 


- 
the “corresponding | ment. An examination of the head 
ments found in the key ( Table VII). fi ilm for example le 2 shows t that the Toot — 
‘The sum of these products added to the ae the maxillary central incisor 
_ constant in each group rept s an almost through the palatal plate of bone 
ideal dental measurement. when treatment ceased. ‘might be 
practical example of combining imitatic over” which control 


14 it was n 
, examples 2 and 4 the angles of 1 to "measured by 1 to facial plane (mm) i 
H were outside the standard error at ye also too large, this might have been an 
completion of Rag if extraction case. The good occlusion 
these variations were due factors equation y9 provides this information 


which accounted for variance among as de monstrated i in 18. 


the good occlusion cases the formula 


se e ap 


that for example 2 the proper angle | 
101+4 degrees rather than the 91 de- 
grees it it is. For example ‘ 4 the prope 


i 
ine 
— 
— 
7123t4 + 5958 -2987 = 1009 
solve an equation for a given case a ngle 4 degrees rather than 7 
— 
— — 
— — 
— 
— 
— — 
— 
= 
z 
millimeters is correct for this case. 
angle of the maxillary central incisor 
— to the FH, in this example, is the re- IE 


te 


al Protrusion ‘or E xAM PLE 


sult of an extre emely negative angle “ 
cor convexity which would indicate lack of to -Har- 
maxillary forward development. monious relationships might vary with 
If the incisor teeth can be pudtionsd. age, ‘sex or racial differences but i 
within the profile in harmony with sur- biological correlations with Statistical 
vig structures, they ‘should be significance, they indicate” that such 
stable and esthetically correct. Esthet- "variations should be “consistent and and on 
is scientifically more correct to use lassification might 
relationships between measurable land- be according to deviation 
marks for the p positioning of the teeth 1 harmonies and might be measurable. 
than to use averages or preconceived Hereditary deviations from 
notions. For practical purposes, the relationships might be shown to exist. 
“equations to determine the angle and The use of the above “scattergrams 
anteroposterior position of the good occlusion equations provide 


maxillary central incisor ond new and useful methods for 

portant If these check with 


Baker ‘Building “Se 
7 form has not been violated, the 
Same harmonies are present as those M.: Statisti 
Garn, 18 ies: 
the selected Ortho. 28: 149-165, July 1958. iow. Anal 
cases. Standard Dictionary of the English Lan- 


‘i W C , 1958. 
based upon the best possible facial 
or tooth measurements, but as methods 
_aut or thanks arles Kh. ebble, 
measurements or ways to ert: the "Alton W. Moore and Wendell L. Wylie for 


reasons for imperfection of co assistance and encouragement. 


a 


An 


Early” oO 


not unlike that tially the same, and we still know that 
in other health fields, is subject it is pre ferable to prevent malocclusion 
_ to extreme shifts even fads, he rather r than” treat a full-blown 
basic” underlying theme of prevention — facial anomaly. Obv: iously, we are un- Bae 
so characteristic to modern medicine dergoing change in treatment timing, 
and dentistry was set aside in a large like to ‘think that our treatment 


st segment of orthodontic practice in past by 
P ‘efforts are being directed _more 
years in favor of a philosophy of so-call- 


‘more along” a line tak 
ed watchful | waiting. ‘This type of think- cognizance of the fact that the dental 


ing held the results of deciduous: its tissues = 
dentition treatment to be of are 


questionable value i in terms of total 


cipiencies of Class iit ‘malocclusion authority or another in blind f fashion i in 


_ presence of anterior and posterior cross- oy ignorance of the validity of | ration- oa 
_ bites seem to have always found an ac- ale that had "-d him into some pare : 


tea 
immediate treatment as ticular series of mechanical maneuvers. 


soon as presented to the orthodontist. ime. e of their statements taken in part me 
These latter categories: _Tepresent @ and applied to clinical thinking have 


relatively small segment of the total | led to ‘stereotyped practice procedures 
incipiencies of malocclusion. We ay the least. All 


hich are e faulty” to say 
ask ourselves the reasons 


too often these alleged “philosophies * 
orthodontists preferred indeed of treatment” treat the teeth as if they 


some still prefer) to watch a malocclu- were inanimate objec cts i in an ac 
develop before instituting cor- 


inanimate supporting structure. We 
fective therapy. Broadly speaking, the still prone to stand in admiration of 


answer is simple. Most cases required orthodontist is able to 
_ additional treatment in the early per- 


manent dentition or had collapsed or 
pr ogressed beyond the earlier r maloc- 


Bs as a result of untoward tooth — 


and pay or no attention to work 
in which an incipient malocclusion was A 
_ movement and mandibular positioning. 


intercepted and prevented with minimal 
discouraging state of affairs. has appliance therapy. In truth, as members 
bea improving to the extent that early of a health profession, we should be ae 
Seeeeene (this usually means the mix- _ ashamed that malocclusion is allowed 
ed dentition) is bei ing reported with in- to progress to a place where heroics be- igs 
creasing frequency in the current litera-_ nec ssary. 
ture. The picture of malocclusion is 
4 As the title indicates, — 


fore the Northern California com- 


| 
lz 
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— 
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— 
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ifs 
— 
— 
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ag 


will presented 


rationale which underlies my think- 
ing in treatment the rapy. Bi make no 
apology in stating my continuing effort 
to correlate my orthodontic 
ith tissue bio! ogy é and physiology. The 
orthodontic. literature is re replete 
mechanics of | the variety advocating 
fectangular _ adjustments o of the 
” applying 
“forces to a tooth far ‘beyond tis- 
tolerance, ‘reciprocal forces which 


fashion, and mechanothe 
which i is by cephalometry and 


On the other our literature and 
- that of ancillary fields have supplied us 
with the fruits of excelle nt — 
whic the: orthodontist may u 
apply to his treatment mechanics: 


structure. The obvious 
is that movement of teeth and the re- 


espect for their physiologic integrity. 
overwhelming bulk of ‘research 
_ evidence points very clearly to a genetic © 
or igin for most malocclusions. Figure 4 
"shows the pretreatment photographs of | 
a mother and her daughter, both ‘pre 
senting with Class II malocclusions 
~ dae king i in lower face height. One would | 


ph 


Fig. 1 Beginning and posttreatment photo- 
graphs of a mother and daughter showing 
irked similarity in dentofacial complex. 
ee Note the greater degree of facial improve- _ 
products o of the ‘upon which tra thes in the daughter over that for 


is the sum “total of i i tra the mother, 


ally will be more satisfactory i ar anon- 
wil be more if we 
sult with the daughter in whom faci — 
— 
unfortunate that Brodie’ : — 


done about it. mean and other to a multitude of factors which can 
statistical of “central tendency which may well alter the morphologic 

have their place a as they did in Brodie’s "pattern for better or for worse. The 
__- work and will continue to serve us well, _ school o of thought which held malocclu- += 
but n not if their significance is to be almost wholly of 

understood. All too often we stand in mental origin has been forced to 

_ blind obeisance before the throne of bs way. For example, we no longer read 

the * ‘average value,” applying ‘it to the e childhood diseases an ad finger 

_ single individual. Stating it more exact- _ sucking | as prime mov ers in the = 

_ly, we try to fit the single individual ES of malocclusion. This i is not to say that 
the average value which somewhere these and similar environmental 


along the line also” the 


- a who would standardize the pro- and provide an environmental diss 
= by geometry applied to the dental for the dental apparatus which will — 
_ apparatus. He states “It is possible that favor coordinated grow th and develop- 
straight profile has been overem- ment in order to realize the full inherit- 
ieee phasized in _ our current concept of ed potential of f the individual. We can ae 
pleasing facial contours and that ake of the o old adage, 
led to. serial extraction 


there was a time when this convex. giana when to try bending the the twig. if 
facial ‘type was considered to be the obvious answer would appear to 
ae: of beauty. Even casual study be as soon as we are able to decide that — 
the paintings of the great Renaissance the growing "Structure is headed for 
artists shows that they favored models trouble, Figure 2 (left) shows the 
with slightly recessive chins and fore- models of a child five years of age pre-- 
heads that taper red backward as well senting with» marked ‘Class II de- 
as upward. The | most famous example Bs -ciduous malocclusion and : serious 


this concept in beauty is, of course, ient arch length deficiencies. Treat 
of the Mona Lisa. In a previous age, the ~ ment was declined upon the advice of — 


ithe n to 


"with ‘other facial structures. nt at age eleven he presented 
Hence, current craving @ again for treatment. Early reduction 
profile and a strong, aggressive of the Class II molar relation followed 
mandible i is not necessarily the ultimate by supervised serial extraction would 
attractive facial contours. There are prevented the gross malocclusion. 
other forms of beauty and we would be Ultimately, our treatment _ procedure 
__ in error if we had only one concept of must rise to the occasion, for preven- — 
pleasing balance and proportion | in a the a tion of malocclusion is ‘our only <a 
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deficiency. Right, the same patient at age eleven years. "Treatment had been declined 


; at the earlier age. 


does not serve us very to re- 


mark simply that growth is the: ortho- 
dontist’s greatest ally. We must try to” 
time our treatment efforts to make 


dontics should also be a student of 
growth and 1 development. Herein lies 
the background material to make us: 

truly conscious of the dental apparatus 


as part of a dynamic biologic system. 


but ceased, and we may 


look to the well- -known mandibular 
"growth sites for increase in size of the 
structure. Stability of intercanine width 
serves as a useful clinical tool, but like ' 


_ maximum use of the phenomenon. _ It Z.. ev erything else in a biologic system is 

follows that the serious student of ortho- a only approximately true. Likewise ise, we 

are 


: all well aware of the fact that some 

expansion of the intercani 1 
this not $0, the nonextraction 


__ therapies would be wholly unsuccessful 


a eppeitonst nature of bone growth . in 1 what we judge to be clear-cut ex- 


ay 


“The nature persons normal mat of the oral 
growth | in | particular is of considerable a ‘musculature must be considered candi-_ 


tance in treatment planning. Like dates 


be ‘the imiting factor, almost with- 
out exception, in treatment planning 


for extraction if. ‘they lack room 


_ given arcs. In my estimation, it is wish- 
= full thinking to mechanic ally expand the 


when the possibility of extraction of | lower arch to make room for all the 


pe rmanent teeth is in prospect. I place 


= rable reliance on the oft-re peated 4 


ot work which demonstra‘es that we can 
not expect an increase in intercanine 


teeth during and subsequent to the mix- _ 
ed dentition and expect a stable result. 
I feel it to be equally futile to place a 
— to cuspid retainer to es meahtich 


— 
_ 
iii 
q 
other hand, I do not plan serial extrac- 
seven years. By this time, generalized tion 
ay growth of the mandible is said to have of 1 de- —— 


Early Therapy 


Fig. 3 Serial models of one of untreated identical triplets showing the molar adjustment — 
from the end-on position to the adult cusp and roove ‘elation prior to the Joss of the 


I purposely 
avoid ‘defining this ficiency in milli- ‘has the backdrop fc 
meters for myself since such arbitrary lower arch le ngth calculation as rte 
rules fail to take into consideration th scribed by Nance®, Carey* and “others, 
factors of individual variation. The in ev aluating the available space on the 
final decision must with the clin- ridge of alveolar bone mesial to the six 
. The clinical ramifications de- year molar. The decrease in arch length 
rived from cuspid width “stability are upon. change from the mixed to’ the 
several. There would be no point wl permanent dentition is unchallenged. 
“extraction = lower The customary "interpretation of physi- 
component of force in 
- four incisors if they are already wel a the ranks, so to speak, is open 
on the ridge i in rotated positions, for in ais to question. | In cases where the first 
o doing we “rob Pe ter to pay Paul” for molars have erupted into end-on 
pace which will not be sition, it is commonly supposed that the 
hrough subsequent intercanine growth. — final adult / Cusp and groove relation of 
to that t early the is accomplished ‘by differ- 
ential migration the loss 
"where the lower of the deciduous molars. The models 
centrals are being forced labiall , off shown in Figure 3 made in a serial 
ridge, by y the lingually erupting study of identicai twin children demon 
laterals. In so doing, we are sctting that this is not the 


r - to be no othe choice. 
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to the adult cusp” and groove relation — arch from the molars to the lir ee 


ior to the loss of the deciduous cus- the incisors lacks inherent stability and 


“what is said, there i is no magic position 
fee this | tooth to move on the average 
‘millimeters mesially any more to be and breakage, 
- than there is a requisite predetermined S offers a maximum of retention in terms ot. 

position for any other tooth. Tf good o of total surface application. It has 
cusp and groov e relation of the first additional adv antage of preventing the 

molars is established and proper hold- of opposing teeth in cases 
ing mechanics maintained, there is no 

re a er arch space which will otherwise be ___ Figure 4 shows the models of —— 
me ly lly, I feel that J. C., d h length pre- 
_irreparably le lost. Personally eel that J emonstrating arch length pre 
lingual are poor mechanisms for se servation for a full mplement of 

the maintenance anteroposterior teeth in a case which would otherwise 


to aed relation ‘The long lever offer: no solution short of extraction. 


s for patient, J.C. Note the crowding in the incisal 
physiologic reason why the lower first | 
molar must come forward upon are helpful in the maintenance of 
ust come orward upon loss of length at 
‘ 
4 
— 
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grow in cases where the 
clinical prognosis is poor?” It has be- 
come increasingly apparent to me that 
the early closebite i is perhaps the great- 
by, est single environmental stumbling 
block in the development of the denti- 
tion. We are all aware of the difficul- 
imposed by closebites in the mixed 
and permanent dentitions. For the most 
Sn the bragging cases shown at meet- 
ings tend to return to the e closebite 
_ lation when retention is discontinued. 
One solution i indefinite retention t 


patient “presented with a 
nalocclusion and a calculated lower 


alocclusion was duced with “upper 


arch banding and occipital traction. 
Mandibular arch length was stabilized 


‘ith a removable retainer uring th 


arch length deficiency of five mm. wer 


ustrates beginning and final phote 

graphs, Before and after t racings (Fi: 

6) superimposed « on SN and registered 
on § Ss as are all’ full ill_ tracings i in this 


third years, ‘the Class ‘rela- 
tion having been corrected during the 
first twelve months of this pesiod. The 


lowe BAS border and chin p point 


depict increased vertical alveolar 
with no apparent forward Fig. 7 Trae 


n of the first molars: and incisors eral the chin point and ‘the ee 
m the mixe ot stability of the first mo 
permanent ‘dentition Ineisor, 


— — 
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= movement of the bicuspids. Figure 5 ©. 
posed on the cranial base showing the overall 
results of treatment and concomitant growth, 
il 
| 


Until see ev phe nomenon, to the general 
Shall continue believing that develop- principles of Wolff's Law, is said to oc- 
sites me nt of | proper overbite relation in t It of force application t 
iv - closebite cases is best aided by initiation the tooth as Nature’s way of setting uy 
= - of orthodontic ic guidance therapy during a temporary block or barricade to move- 
he deciduous dentition “years. For the ‘final analysis, in 
ecord, I would like to reiterate’ my be- becomes a relative “matter: 
‘hal that, within the limits imposed by and a question of degree in which the 
the growth potential, it is possible to orthodontist must decide whether he is 
modify fave orably potential arch length willing | to pay the price in ‘terms of 
deficiency during the deciduous denti- movement of the tooth or 
tion in in cases presenting with favorable “It becomes apparent | with this. 
anteroposterior tooth relation coupled -tionale that banding of the lower arch 
_ with deficient vertical relation. By de- jn deciduous and in mixed dentition 
finition, this is the deciduous Class I would be exception rather 
case with a closebite and potential | ieee than the rule. Mechanotherapy in the 
er arch length deficiency. aforementioned age brackets, for the 


Que of the premises upon which I most part, involves maxillary arch 


‘hese treatment planning is is that intra- - directly and the lower arch indirectly _ 


oral anchorage i in the true sense of the | as it is influenced by a bite plane « and 
_ word does not exist. I am well aware ia — the tongue. Figure 8 demonstrates the 
the lengthy discussions in this respect favorable development of the lower 
to be. found in the e literature directed arch ina deciduous case in which there 
‘to ‘the contrary.’ I do not mean to say, was elation with the 
for ex ample, that I do not use Class II “maxillary posterior segme nts in = 
elastics in Spite of the fact that they plete buccal re lation to the lowers. 
are ‘said to be. dirty words in my pres- ~The ere was no appliance used on the 
ence. My is lower arch. None of the permanent 


teeth have been banded. 


Development of the cephalometer 
pressure of sufficient magnitude to dis- — has made possible | the analysis of tooth © 
= their ¢ existing equilibrium. Thus, movement which was heretofore quite 
4 = Class IT rubber mechanics m may be _ out of the question. There are no phy: si- 


a fine thing, but if I pit many teeth ologic reasons why normal teeth subject a 
against a tooth, I relative orthodontic pressures cannot be in- 
4 duced to move in desired | direction. 

units and ‘wahiiee te more. If I use e push In spite of the fact that the profession 

springs, pull coil springs, _closing has had the cephalometer for a 
loops, or whatev er in the mouth, I of a “century, it is only re cently that 
‘pect them to be reciprocal in » action. As some researchers have finally admitted 
as I am concerned, anchorage units, that maxillary teeth can be moved 

Be whether they be tipped back or upright, | a bodily toward the distal and that teeth 
oo disturbed or undisturbed, will move re- _ are intruded as well as extruded in cer- 

ciprocally. I cannot help but agree with tain levelling mechanics. 
research findings of Whitman® We are well aware that tooth mov 
quite unable to demonstrate “ment is only possible because of the 
trabeculation of bone at sgpetientely - cellular elements in relation to the con- 
_* angles to the long axes of teeth — nective tissue of the periodontal mem-— 


pressures. This | rane. Since 


if 
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he Fig. 8 Models of patient 8.B. treated in the deciduous deutiticn. Fully banded upper arch — 


in conjunction with occipital traction and maxillary bite plane. No anarete used on the 
lower arch, Increase in w is shown with dividers. 


on availability of local ble 


- movement, followed by tipping, growth supposedly resulting from Dr. 
tion, _ bodily movement and intrusion, mechanics. T still find myself 
in order of increasing difficulty. linic- in the sition that I held 


movement of teeth is four years ago” in a paper before the 
of force applications which P. C. S. O. in Seattle, at which time I 
a show little or no 0 understanding ar and re- stat stated in part . ++. “the burden of of proof — 
8 gard for the integrity of the suppor ting for s stimulation. of bone | growth by ortho- i 
is true, thanks to repair, dontic mechanics (other ‘that 
which is again | the product of cellular pax normally expressed in vertical alveolar 
activity nd concomitant blood "supply, dime nsion) rests with those n making a= 
: in the undermining and removal of — claim.” Generalized stimulation of bone 
necrotic tissues which resulted from the growth has been demonstrated in 
initial orthodontic insult. Excessive following t the injection o of growth ho 
force ap application has been characterized "mone in children. To the best of my 
in some ‘quarters by such terminology know ledge, no one has yet succeeded in Be 2 
> and “ positive.” This is de monstrating differential stimulation 
to manner f bone growth in man, i. inducing 
things ranging from ae een a single growth site to activity while — 
of the case to pies scr: of the growth — other sites remain quiescent. As a mat- 
of bone. At a meeting in 1958 Dr. Alton _ t of fact, w we do not wndervtand the 
Moore ‘reported the results of a sta- 
comparison between a series of 
r. Charles Tweed’s cases and a com-_ 
series of treated cases in which 
were not employed. 
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Smith.’ These 


the | tissues with due respect, but fe 


have idea of the forces 


‘centimeter of root “surface 


= ly known and 


among: the more recent are the 
papers point up once 
again | that force application should be 
within the realm of physiologic reality. 
Ev ery operator likes to think he treats 


“It is 
difficult for the orthodontist to under- However. 


A January, 


1961 


COMP. ARATIVE TENSIONS EXE 
ARCHWIRES UPON ONE 
MILLIMETER DEFLECTION OVER AN | 
EIGHTEEN MILLIMETER SPAN | 


(stainless steel) 


012 rd 
rd 


475 

I 4 Ibs. 


5 gms. 


ously has greater 
w ire of comparable cross section. 
, the | operator should not be 


_ stand that force does not move teeth, Sy deluded into thinking that such an arch ~ 
is but rather should be only of sufficient wire exerts less force and is therefore — 


to stimulate the production 
a of cellular elements which are responsi- 
ble for tooth movement.’ 

trol of maximum numbers of teeth i 


an arch is possible to a greater degree 


with the edgewise appliance tl than with 
any ot typodont fi first molar 


cae any other. Forces of four c or five hundre d 


grams are easily” applied to a single bicuspid. 


tooth. his i is easily demonstrated 


¥ ae ness of teeth, and blanching of the soft 
tissues upon adjustment of the mechan- 

ia ism. I think that we can agree that 


yardstick in deciding force application 


Exacting 


« example, in the ¢ ordinary activation of a 


more gentle than, for example, a .016 on 
wire. Table I shows the results of a 
simple typodont setup in which a series Saag 
of archwires subjected toa lO 

mm deflection over an 18 mm span. a 
T his represented the midpoint between 


Accordingly, ‘the scales 1 
ured the force i in grams 


have been exerted on the second bi- 


vertical loop in a rectangular sectional cuspid and re reciprocally on the first t bi- 
_ arch. In my estimation, the best clinical cuspid and first molar. . There was a 


measured force of 100 grams with the 


laid n by Oppenheim. He 012 round steel arch; 400, grams with 
warned against soreness of teeth, loose- the 016 arch —475— ‘grams with th 


bundle arch ( (four 010 wires) ; and 
about 1900 grams with the .021 x 025 
arch. In this crude experiment, even 


orthodontic mov ement of teeth ‘should the very lightest archwire exerted 


be an almost 


painless. affair. I do ‘not force beyond physiologic limits. We 


use the por 016. ‘initial round should not exc use ourselves i in ¢ essive 


Ty was taught in school. Smaller sizes, 


force application merely because we 
seem to get away with it. “Rather, 


“ranging from .012 to .014 will accom- we to do 


plish the same thing in what appears _ 

to me to be less time (if that be so im- 

portant) | and with much less discomfort 
to the patient. It bes in 


i tooth 
as 
cephalometric films is not as simple as 


ax 
- some would have us believe. The great _ 


g di difficulty lies in / deciding the method of 


superimposition. of the second tracing 


- since the variables of mechanical error # 


— 
100 s. (3 02. ) “3 2 
iim 
ade a ctatement ta the orthodontic | 3 
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arch wire consisting of a bundle of four 
.010 round steel wires. This wire obvi 


growing facial structure, The work of 
using ‘small metal implants | in 
the facial skeleton of children to pro-- 


with lecable rapidity in certai 
cases before ; appreciable growth has in- 
tervened. Analysis” of tooth movement 


Is easy in these conte and is more so in 


g. 9 Patient in the mixed cases where facial grow 
dentition with occipital traction against a ‘ 
fully banded upper arch, No appliance ued longer a variable, Figure 9 shows the 


in the lower arch, Note the distal movement _ ce phalometric tracings for patient, Ss. 


_ of the unerupted cuspid and bicuspid during _ a 
treatment. Bodily movement of the first in which the distal bodily 


molar is evident. of “maxillary, molars and 

through the medium of occipital trac-— 
tion is demonstrated conclusive 


fashion. his should not be construed 
It is possible to arrive at various answer. 


hy h to mean that this is the one and oe 
depending second Tegis- way in which Class II malocclusion is 


ation is made. This point is ‘especially reduced in my hands, for most cer tain- 
eS some cases are corrected as the re re- 
sult of tooth movement, jaw movement 
resultant growth direction of the 
plied to. a case. We more in- facial complex. Figure 10 illustrates the 
>ormation reg rding the location cephalometric tracings for patient V. B. 
which a Class II malocclusion was 
eated with full maxillary arch banding 
‘occipital traction. “No appliance 
was used in the lower arch. The trac- 
ings superimposed on SN and ‘register-— 
ed on S depict an n elapsed time of : ap- 
proximately ninteen months. Molar 
So correction in. this case was effected by 
marked forward growth of the man- 
Ga However, lingual bodily move 


ment of the flared 


| 


pe and structural grow th have intervened 


‘of a Class IT case in full 
of the and 


the correction of a 
II malocclusion by full maxillary arch band- at 
- ing and oecipital traction. Molar corree tion 
in this case was effected by mandibular § 
growth. Lingual bodily movement of the 


— 
— 
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| 44 
— 
itm ie 
4 
— 
. 
i riod of ten months. The tracings, 
»erimposed on SN and registered on = 
show essentially no growth of the a 


with occipital traction against a fully 
upper r arch. appliance was 
o used in the lower arch. The tracings © 
are superimposed on SN and — 
ce ed on S. T he maxillary incisor has been 
retracted bodily while the first molar is 
the same anteroposterior ‘position. 
t hi 
ioe Olar correc ion in t As case was gain- 


ed by marked dov wnward and forward 
mandibular “growth. : 


movement of 


deciduous Meal ‘does 1 not affect the per- 
e 
of patient B.S. showing nt tooth buds them." 
of a Class II malocclusion by The work of Breitner the 


posterior movement of the maxillary denture. dontic movement of the deciduous 


Growth of the facial skeleton has been ate. 
during the treatment period of ten dentition in _monkeys Minete 


months, : ago suggested quite the contrary. 
It would be most difficult to imagine 
the tooth germ of an unerupted 
the facial skeleton been “negligible bicuspid, for example, forming and 
_ over this short period of time. C orrec- _ nestled between the roots of the decidu- Be: 
tion of the malocclusion in this ease ous molar could not be influenced by bi 


was obtained almost wholly by distal — movement of the overlying tooth. Like- bes 
movement of the maxillary teeth. For- wise, the -unerupted maxillary cuspids 
= growth of the mandible has play- and incisors should come under the re- 
a ase -strictive influence of the oral muscula- | 
Figure 12 “presents the: tracings posterior teeth are taken 
the ‘distally. assiduously avoid distal tip- 
"reason that in so doing there will be a 
Varying root tipping and un. 
favorable mesial movement of the p per- 
manent tooth bud with it. Reference to 
the tracings in 1 Figure 9 shows favo or- 


molars distal in bodily with 
Tie or no tipping has be i 


ords of warning have been 


of patient 8.G. in w 2 regarding root resorption and root-— 


Traci ings of patient 8.G. in which is 
correction of the Class II relation was ob- end deflection if the maxillary inci ors | 


tained by marked downward and forward 
mandibular growth. Lingual bodily move- _are banded ior the 
of maxillary incisors is seen. of root closure. 
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ould be deflected when the mandibular 


pressure. Similarly, it is not too difficult Those « employing the 
“root tips alt ougn this is s¢ om seen dentition prior to the near exfoliation 


pk in central incisors. The partially form- 
orm of the deciduous maxillary incisors and 


ed root-end possesses comparatively 


st 
“great blood supply which, in tuts, postpone early mixed dentition 


id h llular elements re t0 treatment until the maxillary incisors 
quisi 
removal upon the initiation of 


hy 
t Th maxillary incisors and the 
_ tooth movement. I have yet to see 
supporting premaxillary base are not 
case in which I felt there was root dam- 


influe nced by distal ‘movement of the 
age as the result of tooth movement — 
8 I "thi deciduous cuspids and posterior tee 
ario root closure. i is 

P there is good clinical reason for avoid- 


can be argued since one can only esti- : 


Ree ing treatment during the five to seven 
- mate the probable root length from cnet and one-half year age range, However, 


one must admit that these are favorable 
Cure, Une lines varying Gcgrees oF years for treatment if the use of extra- 
resorption following tooth movement traction is in prospect. "Clinically, 
in older children and it is almost axio- * I find it quite feasible and realistic to 


matic to we dog) count root undertake treatment during this age 


sors i It a 
cs adul period with the 


The typical mixed dentition treat- all available teeth posterior to 


t is correct of roid distal tipping in order to encour-— 
"posterior teeth with the concomitant age mass bodily movement. The rec-_ 
‘maintenance of a flat occlusal plane in tangular archwire rests in proximity to 
the maxillary arch. The rationale for a the anterior alveolar process but doesnot 
flat occlusal plane in the upper arch _ bear on it directly. The process | and un - 2 
will be considered later. It will not “erupted incisors are ‘encouraged to re- 
matter to me w hether or not the patient ‘treat, as it were, as ‘the lip exerts its re- ae . 
or insufficient mandibular influence. Self-correction 
arch length to accommodate the per- — ‘this area is more marked! if reduction 
manent dentition. _The primary aim is of the Class II relation is undertaken 
e in both instances, namely, : while the permanent incisors are com- — 
establishment _ of normal “cusp pletely unerupted and if | lip c control 
groove _interdigitation of the posterior has not been lost by extreme protrusion 
teeth, thereby setting the stage for cor- of the supporting bony acon By the 
anteroposterior relation of the ‘suc- same token re is every 
ceeding molars _bicuspids for ‘complete eruption of the two 
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. f all avail- sliding headcap hooks which carry 2 
te arch will require banding this deciduous cuspids and posterior teet 
able maxillary teeth, Obvious normal relation along the archwire 
— de nding on the age and 
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if these two to al 
teeth have already started to erupt — ‘ ly and expand. These untoward actions — 
_ when the patient presents. the must be _ checked and compensating 


centrals are incorporated int into the arch bends in the archwire reinforced each 
i m, headcap hooks are soldered to time it is removed. In addition, I find 
- the archwire ond mass movement of it advisable to incorporate slight mesial 
be for the laterals so that upon com- 
taken. It is “of prime ‘importance to pletion of treatment, these teeth will 
preserve arch length with stops ~—ll have a slight mesial crown inclination. - 
_ to the molar tubes to prevent differen- | generally figure-eight the four inci 
tial movement of the centrals into the ors as as an added precaution. I consider 
eruptive path of laterals or permanent it an error to gather the spaces be- _ 
: cuspid as the case may be. In cases tween upper | incisors at the beinning he 
where the permanent centrals are part of ‘treatment by tying ‘back a round 
the arch system and the laterals lack wire. In so there is a varied de- 
room for eruption, I use sliding hooks — gree of undesirable forward motion of — 
against the deciduous -cuspids, ¢ carrying the incisor apices, C ‘orrespondingly, 
them and the posterior teeth back until — is difficult to correct the axial inclina-— 
‘space is created for the laterals. ‘There- tion of incisors toward close of 
upon, the headcap hooks are soldered treatmen they” have “beer tipped 
“to the archwire and arch length is pre re- _lingually previously. On the other hand, 
served by molar stops. careful maintenance of incisal axial 
inclination during treatment, one e may 


or those using the edgewi ise se mechan- 


Zz ism who have never undertaken mass finish | the final Pr tints of anterior space 
movement _ of the _ maxillary denture with a small round arch without de- 


— with occipital traction, it is in order to > triment | to incisor esthetics. — i ¥ 


_mention a few details with respect to Many « different "designs of occi 
management of the archwire. invari- headgears have been concocted in 

ably use ‘an .021 x .025 steel archwire effort to make them more presentable. 

with headcap hooks in the cuspid- later- still use the familiar Johnson** head-— 

al interspaces. As mentioned before, gear made of rug binding. They are 

soldered to the arch- probably the worst looking of the lot 
on wire or free sliding as indicated. Active  and— are real headshrinkers if they are ris 
labial crown torque is incorporated in ~ laundered. Nevertheless, they have the 
the incisor area of the archwire irre- virtue of staying in Place and permit 

Spective of the existing inclination of unilateral ‘traction if it 
these teeth. The posterior segments are uikewise, I still use the Terwilliger 
slightly to the lingual in order _ hooks which permit directional 
to counteract the tendency for the mo- adjustment. Theoretically, the patient — 

lars to tip buccally. The cuspid areas returns the hooks for and 
_ of the archwire are kept flat, maintain- re-use. 
ing the desired intercuspid width a would like to “take time at this 
Tabiolingual inclination. I attempt juncture to point out what I consider 
“maintain in a at all to be objections t to the so-called Klochn 
approach to Class II treatment 
- brought to bear on the arch, there is a - first molars and directing the maxillary 
tendency for the maxillary incisors to denture distally by cervical traction de 
and lingually as liv ered directly to the molars by means 
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bow. In essence, in the occlusal, plane may 
* banding of first molars and use ft significant when one remembers the : 


ss nective tissue band of transseptal fibers. cervical traction, per | se, for I use it Mp Bt 
a This, coupled v with favorable restrictive _ routinely i in both Class I and Class go 
from the oral musculature — cases against a fully banded upper arch 
makes possible the reduction of the in openbite cases where controlled 
Integrity of the e transsept- downward and backward movement t of 
; al tissue is lost whenever space is open- the maxillary incisors is indicated. cae we 
mesial to the banded molars. T he T The bulk al Class Il 
__ patient is asked to wear extraoral trac- — characterized by a closebite. In reduc- 
s but the incisor teeth are not being tion of the malocclusion, one is faced 
controlled axially. The resultant cervic- this and the problem 
ae. ae ee applied to the molars is vertical dimension. A fully banded 
somewhere below the level of the maxillary denture which has been level- 


maxillary occlusal led by v. arious archwires, with: the 
level of the occlusal plane, | 


not under control. Cervical gear, “marginal ridges in good relation, sets 
the average, rests at the the stage for bite opening which 
third cervical vertebra. . Since the simple and effective. In these so-called 
hel plane is almost | invariably above upper arch headgear cases, a flat 
a the level of the neck gear, and since no maxillary bite plane placed upon | band — pS 
one has repealed the law about removal is generally successful 
one ’s self up by his boot straps, the re fecting bite opening through differ- 
sultant force must lie somewhere in ential eruption of the lower posterior 
I have no quarrel with those teeth. This is easily demonstrate by 


using _ approac h to treatment. headfilms in which the mandibular in- 
Rather, feel it to control cisors are seen to maintain dente 


teeth into lowever 


ing vertical he ight while the posterior 


wear 


year to some spectacular clinic- is “dost befere posterior 
al examples of treatment of Class i, teeth are again in occlusion with the © 

Division I ma tlocclusion using a modi- plane in place. I began using 

fied Kloehn-type appliance. The head- maxillary “bite plane i n conjunction 

; i films showed interesting downward ae with upper headgear treatment at least ie 
ping changes i in the posterior palatal | _ three years ago as the result of failure a oe 
area "accompanying treatment. This of certain ‘Class II cases to maintain 


minimal appliance therapy may well corrected anteroposterior tooth re 

be indicated in selected Class II, Divi- following band remov al while 


sion I cases with the m maxillary incisor _ waiting for the lower posterior teeth to re 


apices well back under supporting bone erupt into occlusion. I have been 


re 3 2a and with relatively flat maxillary oc- ed repeatedly if distal en masse move- Bc ae 

clusal planes. The ‘significance ¢ of the of maxillary teeth is not prevent- 
palatal changes must await future ed by plane in = Actually, 


¥ 
a 
— — 
— — 
— 
| 
— 
when the npatient is forced 4 
— 
| 


| 


| 
distally with | coverage in place high, ‘unerupted cuspid i is favorably in- 
_ any more than they are prevented from _ fluenced in its eruptive path. Clinically, 
ca mov ing mesially when Clas Il force i is ls the cuspids erupt tater i into good antero- 
applied against the u upper arch with "posterior relation. In treated cases pos- 
palatal coverage in place. Were this not sessing extreme protrusion, the newly 
so, there would be no need to “back up’ erupted cuspid may ‘Tequire distal 
upper er arch in cases where ancho ping with a suitable retainer. clasp wire. 
: - is being set up in the lower arch. Additional banding treatment is need- 
a However, I generally do not use the ed on n occasion. a 
‘bite plane i in these upper arch headcap 
cases until the posterior teeth are about _ 
edge to edge relation. TI 
eage to edge relation. 1 he case lo ‘began upper 
_ worse when n the bi bite plane is inserted a Class II malocclusion, on limited 
the 18 ‘opened basis, in mixed dentitions with dinkcal- 
_ meters and chin point is down and back rf. good lower arches. Teaching at that 
its prev ious position. I continue the that both arches must be 
og headcap to the upper denture until the _ banded i in order to maintain coordina oe, 
desired vertical and anteroposterior re- tion 
lation is achieved. Retention, upon 
mand re removal, become Sa “matter of 


> 
of the established toot completed to warran analysis. 


venty-t three of of my completed upper 


and ble find with Bands were worn in these cases for 
variable degree of success in the ‘main- — calculated mean of | ‘thirteen months. | 


tenance e of the desired vertical relation However, ranged 


ot 
; le vel of cooperation as well s the 
sn over one _ hundred Class IL cases Ry ficulty ‘of the case. I am assuming that pe 
treated with occipital traction in the my orthodontic competence was 
and deciduous « dentition, I have or constant, irrespective of what 
feo er impacted an upper molar. I me ‘the level may have been. Forty- two | ” ee 
oe = help but attribute this, in part, to the seventy-three completed cases were 
a ga good fortune but also to the fact selected on the basis of abov e average 
distal tipping of molars is minimiz- cooperation with r respec to theadcap 
during treatment. Therefore, I do wear. In collecting the new sample, 
not have to count on their spontaneous — conscious effort was made to disregard 
u righting followi ing treatment. ‘How- - total treatment time for any given case. 
ever, I have seen second molars erupt | The forty-two cases required a total 
ap ‘in buccal version more than once as 473 months of treatment for an arith-— 
probable result of Class IT headcap metic mean or average of 11.3 months — 
mechanics. Fortunately, these "second per case. Treatment time ranged from 
molars can be guided into correct buc- oe three to twenty-one months in this new Bie 
-colingual alignment with clasp wires exe sample. Even without detailed analysis 
¥ tending from the retainer. Similarly, I oe it becomes evident that the average may 
x have never cut off the root of a not have a great deal of significance. ‘ 
a maxillary lateral during the educton Fo For this reason, the mode, or most com- 
of C ‘lass II ‘malocclusion. This, I be- mo 
lieve, is due to the maintenance of arch 


length with the fact that 


— 
il 
— 
— 
— 
— 
: — 
4 
— 
— 
— 
_ 
| 
— 
grouped as shown in Table II. It isim- 


I do ‘not want to give the -impres on 
OF TREATMENT ME ‘that 1 my ‘mixed dentition cases require 
; Ses FOR 42 LATE DECIDUOUS AND EARLY additional treatment at the level of — 
four out of forty-two | or roughly eight 
No. Cases Months No.Cases Months cent. Actually, a great many of my 


0 jective. This, it will be recalled, is ‘the 
establishment of normal molar 


arch and no dental anomalies, I expect 
reduction of Class II malocclusion 
Average treatment time — 11.3 mo. to be a one shot affair. Actually, the am 
are told in writing that addi- 
tional banding treatment may or may 


mediately apparent ‘that neither e not be indicated, irrespective of my per- 
| feelings in given case to the 


mode nor the mean is of significance in sona 
“terms of the ted 
any given single individual. The Potential four bicuspid extraction 


many uncontrolled variables dictate the cases presenting with a Class II mal- 
ae months. I see no in telling one’s establish correct anteroposterior rela- 
self that the average treatment time is _ tion of the buccal te teeth at a time when ae x 3 
ie 11.3 months as long as one doesn’t take the child is most amenable to extraoral 
‘it to heart. It ‘is unrealistic to apply traction” therapy. Serial extraction 


average value to the single indi- deciduous and permanent teeth is initi- 


here or elsewhere in treatment carried on from this point. 
analysis, he patient wears a flat bite 


random distribution of _ treatment : xcclusion are treated early in order to 


of the forty-two cases due ~ loss. of the aS. ening years u 
Two of the ing treatment is indicated. bite te 


for our cance were plane is a valuable adjunct to maintain 

were treated in identical fashion and re, vertical dimension, prevent s¢ serious dis- 

the same way. These children tipping of the lower incisor se ‘segment 

had id very flat occlusal ar anatomy in rs and helpful in guiding» the teeth into oe 
molars which I suspect was re- 


_ interdigitation. Secondary band- 
sponsible for the failure of the teeth ing treatment then becomes a relative- 
lock in good relation. . Re treatme ent ly simple matter alignment 
was successful at the time the bicuspids and completi 
we re erupting. I. have no explanation need for extraoral traction age 
for the return to Class IT in the third ‘is minimized or eliminated. 
fourth case returned to Class The treatment ‘findings n the pre- 
molar relation on one side only. series of cases are quite different 


e = of these latter cases have been from those > reported i in 1954 by Graber : 
retreated without incident and are out in a more or less 


— 
— 
— 
— 
— 
a 
— 
— — 
| 
— 
— 
— 
4 

— 
— 

3 
| 
— 
—| 
— 
— — 
— 
— 
— 
— 
— 
— 
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“reported in his dentition 


the de in| his ap- 
pliance therapy. With only molar 
teeth banded and cervical traction em- i 
ee: he pointed out the following: as 
1. Lack of control of axial inclin 


Poor success in control Orthodontic Treatment, Am. J. Ortho. 


2, Nanee, H.: Limitation of 
impaction 0 ( upper Treatment. (1) Mixed Dentition Diag- 
molars in cases. nosis and Treatment, Am. J. Ortho. 33: 


Successes with 177-288, 1947. 
. Carey, Linear Arch Dimensicr 


pebertal growth spurts. Size, J. Ortho. 35: 
Igo out of my way to mention the 


4. Mathews, J. R.: Maxillary Bite Plane — 
st ortcoming 
sortcomings of the method that Graber _ Applieation in Class I Deciduous Ocelu- 
= at time ‘because, | ‘in n the Am. J. Ortho, 45: 721-737, October 


Wee culties j in 1 these areas, But 
a _more important, Graber’s treatment 897, December 195 
a were directly assignable to 6 W hitman, 
app iance ina fact which the Edgewise Mechanism, Tweed Semi- 
Havana, Cuba, 1955.00 
Reiten, K.: Some Factors Determining a 
” the Evaluation of Forces in Orthodon- 
ties, Am. J. Ortho, 43: 32-45, 1957. 
(8. ‘Smith, R. and Storey, E.: The Impor- 
tance of Foree in Orthodonties: The a 
‘ sign Cuspid Retraction Springs, 
uk of doing being Australian J. of Dent. 56: 291-304 
asked of it. The basic idea of retracting 


Force in Orthodonties and its Relation 
the protrusive maxillary denture is to Tooth Movement, Australian J. of 


every bit as good as it was | when Angle Dent. 56 (1): 11-18, Feb, 1952. 
te W. and V.: A Syl- 
re por ted it in 1887. rogman, an assouni, 
abus in Roentgenographie Cephalometry, 
Graduate School of Medicine, Univ. of 
Pennsylvania and Philadelphia Center 


for _ Research in Child Growth. Phila., 


Bjork, a Facial Growth in Man, 
describe: my methods i in handling mal- Stedied the Aid of Metallic 


a occlusion | in the deciduous and early plants, Acta’ Odont. Scand. 13: 9-24, 


mixed dentition. There are no world- 


Hahn, G.: Treatment in the 
shaking conclusions to be. drawn. The —__—Dentition, Am. J. 


unde rlying” then is prevention, 
: Breitner, C., Influence of Moving 
_ malocclusion can only become worse  eiduous "Teeth on the Permanent Sue 
and more difficult if left untreated until —cessors, Am. J. and Oral Surg. 
later years. One may disagree entirely 
h th 13. Johnson, E. : Application of Occipital _ 
wit the various rationales which oie -—- Anehorage, Am. J. Ortho. and Oral 
lie the treatment procedures described. ee Surg. 29: 638-647, Nov. 1943. 


I have been i Graber, T.: Extraoral Force- Facts 
n in research long "Fallacies, Am. 


o have learned that there must be = July 1955. 4 


Ings error on both sides where ni 
em. Time will be the 
Medical Center 
— 
- 
— 
= 
— 
— 
— 
— 
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7 
Per manen 
H 


ment of « lusion has re the extent of the ov itself, a 
siderable attention dating back to our infinite variety of clinical opinions and 


Tecorde d dental knowledge. research findings hav bee 


me aspe cts s of occlusal development ‘in the literature. Among the 
e been inv nvestigated in detail, but it ‘portant factors are: ; 


Cusp Height. 


vertical overbite has ‘been de 
found a strong positive correlation 
isting between cusp and t 


gree “ ov exbite to be a . normal chatat- 


teristic. Neff? expressed overbite as 


perce ntage | of the lower incisor covered Ramus 


by the corresponding upper incisor. 
Further, considered a twenty per tor in increasing the vertical develop- 
Vv ment of dental height is the growth in i 


‘ On the other hand, an excessive de- ae, length of the ramus.’ ’ He indicated that 


retardation of ramus length grow th in- 


the etiology pic a of hibited the eruption of the 


conditions affecting the masticatory ap- teeth but did not interfere with 
. These conditions include | re- . eruption of the anterior teeth, thus re- 


lapse following orthodontic treatment®, sulting in an “excessive degree of ee 
interference the normal closure “bite. In testing this hypothesis, Wylie’ 
pattern of the mandible‘, periodontal co the ramus length in cases of 


-— disease® > and malfunction of the tem- slight (1.5 - 2.0 mm) overbite with that 
poromandibular joint’. found in cases of se vere overbite, and 


e pri mary fac- 


requirements tor the of Master 
of Science, Horace H. Rackham School of 


— the Vertical 
— ed by Bonwell’ in con- 
vertical nection with his work on artificial 
study of the vertical “that the overbite in the i 
of the — 
— — 
— im 
— 
— 
| 
— — 
— 
negative correla in his group of Class 


- nificant correlation could not 


found i in he C lass Ig group when the « degree of overbite was re related 


to teoth size, via the anterior rati 
This has been used to indicate Studies of longitudinal on 


n infrequent. “One 
ploying serial record casts was carried 

one might expect to find a difference 


White’® wh eport- 
in _ molar height between normal Vand of 


vere. overbite groups. Indeed, this 
Wylie’s finding. Prakash and 
lis'* found a strong negative cor- 
between lower molar height 


npovic found suc relations ‘Swedish boys observed at twelve 


slightly ‘between the ages of four and 
five years, _ increased by 1.75 mm. by 
eleven” and remained ‘relatively 


isting for the uj upper molar height in a ain 
Class II cases only. He found no cor- 8 


relation whatsoever between lower = 


Bjork an average -reduc- 

tion in the vertical ov erbite « of 0. 0.65 mm. 

during the "period to tw venty 

years. More recently, i a study carried 

out serial record casts, Bauerle 


of this factor to the ates, ‘it will be seen t at, ypica Ys 
degree of the overbite was described by the overbite increases from 1.75 mm. 
wa Steadman", who reported that the de i at the deciduous ; age, , reaches ieee 

=e gree of the ov erbite was dependent up- imum of 3.8 mm. 1. at age twelve, and — i 

eee on the degree of angulation of the in- then decreases to 3.4 mm. at age fif- 

cisor teeth. It was shown that the ove teen.’ Bauerle™* found no significant is 
bite decreased as the interinc isal angle sex differences at any age, no o significent : - 


a xe, decreased below w 180 degrees, and in- correlation between the degree of over- i 


il creased at an even more rapid rate as bite in the I; late e deciduous ¢ dentition ; and © 


that at age age fourteen. and one- half, 


vich* confirmed this finding by showing 
x ‘ant posi = nd that at f 
that significant ‘positive correlations age nine an jourteen anc 
exist between the interincisal angle one- -half. findings would 
@ the degree of the vertical overbite | in to be in contradiction to the neal 
verbite cases (Angle Classes" I by “remain and White’® the over- 
II). In Popovich’s* Class I cases bite remains relative ely 
with a normal degree of overbite, this ce 
hip was not evident. 


Be: 
Neff? has 1 reported chat the degree of THOD AND 
overbite is related to the harmony, 


tack: of it, existing between n the mesio- This study consists of pasts 
distal dimensions of the upper and low- the study of record casts and 2) 
incisor teeth. Neither Bauerle™* nor study of lateral cephalometric film 
Bo on™ was able to confirm this Long series record “casts from 
servation using Neff’s “anterior coef- 


— 
— 
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— 


e 


moved. They were then oriented in 
ence (See Fig. 2) were used : 


2. subjects having Class 


3. All must be ‘orthodontical- individual at the “appropriate 


“missing teeth, nor space loss due to ages, nine through sixteen years, 


tests of significance (‘t’ tests) were car- 


ried out in order to compare the two 


vate Ims o 
There be no spacing nor ateral cephalometric fi 


estimated to be greater than 
Bauerle’ s!* cast study were obtained. To. 
two mm in each arch. 


In order to increase the sample size, 


~ additional casts were examined on 2 versity of Michigan Elementary and 


a Cross~- -se sectional basis and the data added High Schools Growth Study. All cephal- 
= ‘the s serial material. In a addition, the 


There must be no severe rotations. 


data compiled by Bauerle™ clusion, approximating the birthdate of 


ta from the present tthe individual. All subjects: included in 


ee and, since there was found to 


no statistically significant difference be- thes weed in the selec- 


tween the tw e, 
‘Tracings were made of these films. 
and measurements were made from the 4 
tracings using a fine pointed vernier 
-aliper. The following points of re a 


xamined and all the artifacts which — 
might interfere with the ‘occlusion 
occlusion (See ‘Fig. 1). A plane 
of oc occlusion was estimated by sighting ANS. 
the tip: of the Posterior n 
S - PNS pla 
the bath plane of referenct 


spine, ‘PNS. 


= 


distance from this point to rs incisal 5 successive stages are parallel to one an- 


_ There must be no "congenitally were computed for both sexes at all 


similar films the files of the Uni- 
ograms: were taken with the teeth in 


this part of the. study were required 


4 


edge” of the lower central incisor other,” and s since this plane i is situated 


to the nearest tenth of in close proximity to the area being 


ae a millimeter using. a fine pointed ver-— 2 studied, it is well suited to the purpose 4 


— 
— 
- 
TE | 
iii 
| 
ae 
| 
— 
with the plane of Since it been chown by Brodiel® 
— 
— 
im 
— 
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| 
be calculated by subtracting 
measurement from the former. 
= Ramus length, ‘the length of a 
pendicular erected the 


it 
to » condylion, ( 


“the le ngth | of a pe Tpe endicular from the 


Th he angle of the 
Se to the ANS - - PNS plane. 


‘The angle of the lower “central in 


8. alveolar height upper) 


the length of a perpendicular 


The Cephalometric Method. = from the A ANS - PNS plane to the mid- eS 
: point of the occlusal surface of the up- a 
2 


tral i incisor, the plane to the mid- 


5. Crown the ma mandibular cer 


After tabulating the for 


7. of the occlusal surface ‘eleven variables “including 

the lower first permanent molar, 6. 

8. Mandibular plane ( (Go - 

standard deviations and correlations for 
these points of reference, a various groups combinations | of 


Ld 


alvec duced by the computor consisted of 
the length of a perpendicular erected score. transformations the 
e from the ANS - PNS plane to the crown — nificance of the correlations, and 
the maxillary central incisor, tests to check for significant differences 
between t e means of the various meas- 

a 


erected from the ANS - PNS plane 


point of the occlusal surface ¢ of the 


— 
ma 

4 
— 
— 
— 
4 
— 
ae 
extent of the overbite for this age can with age, 


‘The Vertieal 9-16 Years. 


0.992 
_ the greatest | increase in 
0.876 ov erbite (0. 29) mm) occurs 
6. 907 23-75 the a ages of nine and ten years, and 
~ 018 3-7.8 65 greatest decrease (0.32 mm) between 
15 947 the ages of thirteen and fourteen yous. 


Nertical ov for age, males exce pt at age nine. The 


to bo & 


On 


_ through sixteen years, Testing revealed time at which the peak of the ov ee 
no ‘significant difference be is the same i 


tween males and females at any of these 
ndiz 


_ages, therefore, the combined data are vidual J Variation, 


“From thee data it = be seen that s of the sample as a whole, a considerable — 


erbite for the sample in- degree of individual variation is noted on 


creases tent from 3. 81 mm at age ~ within the group. This individual vari- | a 
nine years to reach a maximum of 4. 37 ation is indicated by the wide range wo 


mm at age twelve years, Following this, “the overbite measurement at all ages. a 


_ there i 1S a gradual de crease to $. 75 mm ip. he standard deviation being near 1 O- 
at age sixteen. Tests of significance i 
the 0.56 mm increase in variability with age. 
the ages nine and twelve ‘years an nd the variability armor 
0.62 mm decrease between twelve and was ev idenced by the range and stand- 3 
ard deviation at each age. Further, al- 
though the great majority of individuals 
ere. the serial data showed curves ‘similar 
to that illustrated in Figure 3, others 
showed either increase and 


tions while a few. exhibited no definite 
pattern. Of those individuals who fol- 
5 lowed the typical pattern, there was 
_ considerable variation with respect om : 
the age | at which the pe ak of the over- 
_ bite was reached (ten - fourteen years). 
_ This agrees with Bauerle’s findings. _ 


Variat on in the vertical o overbite (Cast 


OVERBITE ( 


ERTICAL 
a 


sixteen years to be highly significant 
 (P=.001 ). These findings therefore 
| 
| 
= 
— 
ane 
— 
— 


ertical. Overbite 9-17 Yea 


Mean(mm) 
0.736 
77 349 2460 
0.966 2465 2% 
448 1811 17-74 
1154 2.66.7 16 


- 


29 ‘Table 2 extent of the AGE 
ertical overbite for each age, 

hrough : sev enteen ba pong re 


and lowa a therefore the cor 
bined data are listed. 
the me mean overbite for. re sample 
creases in extent from 3.91 mm at 
age nine years to reach a maximum of — 
87 mm at eleven years. Following 
_ this, there is a decrease to 4.43 mm ee 
age fifteen. It is therefore possible to 


although the ‘difference between the 
mean overbite of males and females is | 
not statistically ‘significant, the mean 
_ values for females tend to appear slight- 
greater: than for males except 
age nine years, i is agreement 
with the findings of the cast study. The 
greatest incremental increase (0. 


mm) for the combined sample ‘occurs 
_ demonstrate, by means of a cephi 
between the a ages of nine and ten years, 


metric analysis, th same attern of © 
y the greatest decrease (0. 24 mm) > 


variation in the vertical ov’ erbite which . 
= ee between the ages of thirteen | and fou 


: : teen. This also is in | agreement with the ; 
In the data presented in mei Table 2, 


certain discrepancies are seen Ww hen 
facial dimensions with 


twelve. "There i is an rise in the 

_overbite between fifteen and sixteen 

and then reduction at seve 


an en possibly savociated with 
teen years. These fluctuations are -prob- erbite, correlation coefficie were 
ably due to the small sample size and _ 

the wide range of the individual over- 

bite ‘measurements. It is interesting presented in Table 


considered, the pa of th 


at 


— 
Pins 
Figure 4 is a graphic presentation of — 
iii 
ny. 
iii 
3 
e overbite are five of these measurements whose _ 
: means show statistically significant cor- =, 


te: ANS - 
Ramus 


Ramus 
_ Anterior alveolar height (lower) 


elation with the degree of i males, it is difficult to explain the 
Two: of these measurements (ramus finding in the ce phalometric study that — 


and the distance from the tip of the overbite is deeper in boys” than 


the lower incisor the ANS -PNS girls at age nine years. This peculiarity 
plane) ‘significant in both probably the result of the relatively 


measurements are signi smaller sample at this age. 


: 
the was combined wit shown to hold a ‘statistically 

ments “show “statistically cor- 


, PNS), was found to hold a significant © i 
positive (p<. 02) correlation with | the 


degree of overbite in females only 
2 cf _ When the samples were combined, the 


curve with its at twelve years relationship no no was significas 
age. ‘The finding of a reduction 
extent of the overbite followi ing twelve inciso or to the palatal 
. es years of age is also in agreement with was found to hold a significant negative | 
d by Bjork. Sir 
normally, ‘the teeth of females erupt “a 


an earher age than di do the same teeth 


— 
‘ay 
— 
— | — 
a 
stu 
— 
— 
— 
— 
— erbite. This 
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is. significant ( P<. 02) in mension, may y possibly be due to the fact 
“be both males and females and in the com- that in Popov ich’s data, males and fe- __ 
bined sample (P>.01). males were combined. In this study, 


3, anterior alveolar height (low- _ they were. treated separately as well, 


"4 er) was found to have a highly signifi- _ with the result that certain sex differ- q 
the degree of overbite in females only. Mandi was 
‘When the two sexes were combined, Lf found to hold a ‘significant negative re- 


x this: relationship was r reduced g gre atly i in lationship | to the degree of overbite in # 
significance (P<.05). This dimension males (P<. 02). . This relationship _ 
also holds highly significant positive re- was not significant: when the samples 


ees 
wit e anterior alveolar: we 


> angle of the lowe 
Pe The length of of the ramus of the found to hold a highly significant n 
4 found to hold a sige tive ‘relationship (P<. 01) to over- 
ve nificant negative relationship to the de- 2 bite in the female sample only. When _ 
al gree of of ov erbite in both males and fe- the two samples \ were combined this re- 
males, with ‘relationship being lationship, 4 although still negative, was 
stronger in males (P<.01) than in fe- aced in significance. (P<.05). 
males (P=.01). When the sample v T he greatest seduction in ‘the 
> > “ae. 
=... findings of Popovich* who failed to find» thirteen and fifteen years s of age. On 
y significant relationship be tween 


examining the data” for the various 

craniofacial dime ‘sions, it was found 
ramus length and the degree of over- that per tad of greatest 
incremental growth in the ramus of the 
mandible, also ‘that this increment of 


bite in his Class I groups, but w ho 
pa found such a re lationship to exist in f in his | 

Class II group. This finding would t - grow th is much n more marked in ‘males — 


9 
= than in females. In this respect, the 
retan ad op findings are in agreement with those 
ength growth was associated with the reported by. Nanda. If the reduction 


overbite after twelve. years of age 


‘5. Posterior alv eolar heights (both due to the growth “spurt” in the 
upper and lower) found to hold length of the ramus, one ‘might expect 
significant negative relationships find greater reduction in overbite in 
the degree ov erbite in males males than in females since the incre- 


ships no longer reac hed a significant 4% , females 3.87 mm or 7. 6% be- 
level. This finding would tend, tween ‘thirteen and fifteen years). Us- 
regard to the 1 male sample, to s ing ‘the figures ‘of the | cast study wince 
— findings of Prakash and Margolis" site the sample is larger, it was found that © 
showed that the overbite was re- ‘this not the case — the reduction 
lated to the lack of upper and lower was 0. nil mm in females oe 52 mm 
molar height. The obvious differences i 
in be tween this study and that centage of the greatest overbite 


— 
— 
a 
— 
— 
— 


incisor to the palatal plane in-_ ; 
ereases to a proportionately greater « de- 


pa... about by growth in the > length of the 


is 14.8% and in ma ‘showing 


By graphing the movement. the the overbite by virtue of a 


of the and lower incisors in increase i in the « eruption of the 


, it was incisor in males. 


_ away” from the palatal plane at a more duce the degree of overbite would be a 

a : rate than does the upper incisor. ce least successful in the period | 

= ‘is another indication that the twel years | of age most s- 
after this: time, par rticularly durin ng 


age is at least partly due to a rate of the period thirteen to fifteen years. oe 


; ao oe found that the lower incisor “between _ From a clinical point of view it might Recs 
ee e the ages of thirteen and fifteen “grows therefore be reasoned that efforts to —_ 


Bey w which is greater in the mandi- assessing the clinical application of this 5 ; 


- ble. Since during this period the mandi- study, however, it must be kept i in mind . oh 


- bular growth rate is greater in males that the actual amount of i increase and Be 
in females, one would expect” to decrease in the degree of overbite is 
_ find that the distance between. the low- extremely small and probably of little 
er incisor and the platal plane significance its re- 
on rapidly in males 
than in females, The data on this” 


mension shows this to be true since in 


eS an m 
the males the ‘increase is 2. 46m an A study of the vertical overbite dur- 


ae. (10.4% ), while in females it is onl 
1.41 mm (5. 8%). was carried out using orthodontic casts 


Pursuing this” thought still 
d : teral cephal tric fil t : 


“4 


_ increases from age nine to twelve years e 


gree in males than in . females, the de period « of observation. There is no pars 
of overbite should decrease to 
greater extent in males ‘than i in female s. 
Tt has already been shown that this is 


; although the me eans f 
not the case. Examination of the data ton ren slightly higher. att: 


in that the distance between he degree of the vertical over bite 


upper incisor and the palatal plane was shown to be associated with a 


y 
was increasing proportionately more craniofacial dimensions of 
rapidly in males than in females. In- 


which length is the most 
crease in this’ dimen nsion. in males be- important. 
tween thirteen and fifteen years Eek 
4 mm (4.7%), while the increase ConcLus 


in fe emales was 0.90 mm (3. 3.1% ) 


One might therefore that the | of it may be 
the reduction in the “degree of over- at in subjects wit ‘ass 
I (Angle) molar relations: 


after twelve years of age is 


1. There is a definite cycle to the — 


ramus which carries the mandible “away degree of the v ertical 


the remainder of the ‘ial 


The overbite i is to oa 


Ying the period” nine to seventeen years 


nstrated that the 1 mean overbite 
and then decreases to the end of Fee 


tistically significant difference in the 
degree of overbite i in males and females. 
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CTION AND Revi 
LITERATURE in which the re was a swiv 
" _ joint in one arm of the arch bar with 


_In January, 1953 I read a paper be- the other arm bent laterally. He found 


fore this society entitled “Construction 
that the pull on the opposite side 


of Unilateral H adcap 
increased more than w hen only t 
q 4 arm of the arch bar was bent laterally. 


discussion whether or not there 
_was more f force: exerted the side September, 1957 Donald C. Haack 


‘be time I showed two cases ‘paper before the ¢ ventral Section of the 
= unilateral headcap was used and the American Association of Orthodontists, 


showing tes I mo- entitled “The Mechanics of Centric 


> 
without the use of in- and Eccentric Cerv ical Traction”. This 
dealt with the forces applied 


the 
‘paper ‘nothing the molars i in both c centric and ecce ntric 


- stimulated further research in 


_ ties and mechanics. his isa 


headcap_ for which am grate 
ful as I am sure that all of us will mene comprehensive thesis with the 


fit from this further research. Cc measured on a mechanical d - 


‘The following January Dr. Arth yur viee T hey found that when the arm of | 


entitled * “An Analysis of Midline and — there was a greater lorce on — 


Offcenter Extraoral force”. His method and the ‘difference depended on tl 


vie s the rec rding of rel lative linear difference i in length of the arms. They — 


measurements of elastic pull required also showed that when rigid 


to counterbalance elastic traction ap 
plied to each of three types of extra . 
oral headgear placed ona symmetrical — 
base. This was very good paper, 


and In the October, 1959 issue 
In January, 1955 Dr. Vernon Angle Orthodontist there is a “pape 
read a paper before this co by Dr. E. W. Drenker, entitled “Uni- 
lateral c ervical Traction with a Kloe hn 
Extraoral Mechanism”. This well- 
——s Paper also deals with the physic- 


oe pone nt r garding the use of | off-center 
extraoral force; this was done using a 


= that you one arm forces on the ‘molars, | he 
the arch bar Taterally had | more — found that by increasing the length of 
the arm of the arch bar approximately 
e on the side to be oved 
Angle Society, January, 1960. a distally, and also displacing the a arm 
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the arch bar three-fourths inch lateral- on the I had de- 
_ ly on that side, you would have total, or pepe on since it worked clinically i in 
ce total unilateral a action. This has 

ecting ental arc Mernop AND MATERIAL 


Su = 
vives based on mathematics and physic- and clinical observations were 
al mechanics, | or a _ combination of the 


two, I decided to try to accomplish d been _ theor 
same things on a clinical basis. mathema 
_ knowledge no direct clinical measure- 


“set exerted the same fo! nts been taken from a a patient. 
both molars because of past clinical § The materials used in “this: project — 
experie nee. I had tried both lengthen- ate of a regularly constructed me 
ing the arm m of the arch bar on the side : arch of .045 wire soldered in the ce a 
which was to be moved distally and ter to an gray made of .059 wire — : 
bending the arm of the arch bar lateral- ( 
and had experienced clinically 
that it was more efficient than the uni- 
| headcap that I had reported 3 
in my paper in 1953. However, I could Et 
quite believe that the was eve n left. force was 


= 


- 


— 
— 
— 
— 
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through the use of for the E arch: bar assembly 

Tubes were soldered on the E arches center ig. 

act as stops twelve mm in front of project was started wi 

the molar tubes both assemblies. the centered assembly, each s¢ set of 

The force exerted on the molar tubes | springs was placed on the centered E 

asured using open coil arch assembly, neck band ‘applied 

made out of O14 an and 016 one pull measure- 


round stainless steel wire 018 ments were taken of both sides, Then 


_ round yellow Elgiloy wire. The pull on the springs were placed on the de. corgi 
the elastic neck _band w as accurately — side and, using the s: same pull, ,measure- 
measured: by using a a scale. The com- ments were taken again; it was estab- 
pression of the springs was “measured lished that measurements 
in the mouth using a fine pointed divid- equal: within one-tenth of a millimeter | ; 
ae. er, then final measurement was made = which is within the realm of « experi- 
this by using a Boley gauge. mental error. 
sections of the E arches which 


h _ The neck was always c 
engaged the molar tubes were reduced bt ie. “running the finger between neck 


size so that they moved freely band and the neck to be sure it was as ! 
_ through the tubes, thus eliminating aS free as possible, so the lig would : 
much friction as possible mechanically. be equalized with 
ends were then’ lubricated to friction. 


further reduce this friction to the least 


same center assembly of E 


and arch bar was used throughout the 
project, and changes in the length 


the arms were accomplished by solder- 

ing hooks on n the arch bar for thn 


cervical traction ‘band (Fig. 2). 


The left arm of the arch bar was also 


laterally so that it was three-— 
fourths inch wider the right arm, 


recordings i 


same procedure was” followed 


— 
— | — 
— 
— 
— — 
= 
| 
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on Cervieal Band 
sy mmetrieal arch 
= Arms even 
1” longer on 
er on left 


: 


tae with the E arch and arch bar arg! _ arm of the arch bar on the left side was 


ere inch longer and three- fourt ange i 
pressed to mm on the tight side 
mm on the left side. 


Using the symmetrically centered as- 


Using the symmetrically as- 
sembly and 016 round steel coil springs 
12 mm long with one pound pull | on 
cervical band and the a arms of arch 


av sembly and .( 014 round steel coil spring 

10 mm long with the arms of the arch” 
_ bar even and one ‘pound pull on the © 
cervical band, the springs were com- 
“pressed ez mm on the | right AL. 0 mm on the and 0 
and 7.0 mm on the left side (Table I). — on the left side. When the pull was 
When the left. arm was one inch longer one ‘pound and the le ft arm of the arch 
than the | right a arm of the arch bar, the — bar was one inch longer than the right e : 
“spring was compressed to 6.5 mm on bg arm, the springs were compressed to 


the right side and 5.8 mm on the left An -0 mm on the right t side and 10.3 mm 


with | the arms: even n, springs Ze the cervical band, the springs were 
- side and 6.2 mm on the left side. With side and— 10.1 mm on the left side. 
_ the arm of the arch bar on the | left s side _ When the pull was two pounds and the 

arm of the arch bar one 

ht longer than the ‘right a arm, the springs 
side and 5.8 mm on the left. W ons two were compressed to 10.5 mm on the 
pounds pull was exerted on \ the cervical — _ right side and 9.5 mm on the left side. 
the was, two pounds and 
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fourths inch wider than the right arm laterally so that it was three-fourths 
length of the arms even on the _inch wider than the right arm and the 
center assembly, the springs were com- arms were even, the springs were com- 

pressed to 7.2 mm on the right side pressed to 10.5 mm on the right 


. and 9.6 mm on the left side. 1 


arm of the arch bar was constructed 


f the le ft hen 


nds on 


the cervical band and the E arch an 


ne inch ran and three- fourths inch arch assembly soldered one-half 
inch off-center to the left and, using 


o1 
9. mm on the le 


coil ‘springs, the springs were . compres 
ed to 9.5 mm on oe right side and 9 


_W hen “the: sym ne ricall 


mm on the left. 


- coil springs 12 mm long with one pound _ 
_ pull on the cervical band with the arms 

of the arch bar even, the springs were 


compressed to 11.0 mm on the right 


If the p pull was. one pound cand the 


left arm of the arch bar was one inch 
longer than the right arm, the 


the bar ev en, springs: w vere 
compressed to 11.0 pack ‘on the right 
7 side and 11.0 mm on the left side. With 


a pull of two pounds and the 
of flows arch on 


were com- 
“pressed to 11 5 mm on th ight and 


10.5 mm on the left. se 
_ When the pull on the cervical beined 


ms was two pounds and the left arm of the ~ 


_ the arms of f the arch bar even, the 
springs we re a to 11.0 mm on 


ra 


and three-fourths inch wider than the 


one 


ay of the arch bar were ev 
ye low Elgloy 


ide 


arch bar bent laterally three- fourths — a 
inch wider than the right arm, with steel springs : and the 


the .018 round Elgiloy ells springs, the 


_ Springs were compressed to 10.0 m 


on the right" side and 10.0 I 
left. 


nm on the 


the « compression of the springs 
2m was equal on both sides when the arms 


en when all 
‘three | size springs were ; 
Tf the e arm of the arch 
left was one inch longer, the compres- — 
sion of the spring on the right side was 
equal | or less, than when the arms ee 
_ even, except in cases of the .014 coil 
inch three- fourths inch 
_wider with one pound pressure. . In all 
with all three - springs t the com- 

pression was | greater. on the left side 
when the left arm of the arch bar - 


ar The “compression of the springs 


greater on the left when the arm of the 


It appear 
that possibly the .014 steel coil ‘Springs — 
e not of sufficient strength to give 


ccurate a ‘recording as were the 016 Bee 


af te: 


right arm, the springs were compressed his is noticeable _ particularly on 


to 11.2 mm on the right side a 
mm on the left side. du 


measurement of the | ne-half inch 
_ off-center assembly with a cervical pull 


- 
4 
4 
4 ,0unds pull, the springs were 
tm 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— inch wider, 
— wider, 
_ arch bar was 
— both when the arms we mh 
when the arm on the left was one 
— also three-fourths inch 
tm 
— 
— 
was noticed that all the — 
i ‘use since the 
2 
— 


-measurement taken : it laterally on the side where you w ish 
‘noticed that the measurements are ev have more distal movement. 
on both sides, but that it is less than 3. By lengthening the arm of the soy 7 
the two ‘pounds: pressure was bar and bending it laterally it is pos- 
placed on the centered asse embly sible” to increase the force on the 
the arms even, This slight change ide hee, you desire more move- 
length the coil springs after ment. The force will be greater 
the either one is used alone. 
‘feat hee we were made from BA mole 4. When the E arch and the arch bar 
stocked wires, were not tempered and Ce are rigidly soldered one-half inch off 
also to the fact that all open \ coil springs a and the arms of the arch bar 


_ tend to short ten slightly in length after 


are even, the force is equal on 
probable reason for this 
It was also evident when evaluating appliance working as a unilateral 
th 1e forces exerted when the left arm of headcap, as I reported in a prev lous 
the arch bar was bent laterally three- _ _ ‘paper, was that the arm on the side 
fourths inch wider than the right a arm to which ‘the joint \ was offset, was 
that, after use, when the assembly v was _ prob y vider from the ‘midsagittal 
checked, the left arm did not remain plane. I found in forming the off- 
three-fourths inch wide than the right center assembly was 


For the above reason No attempt was ‘measure 


opinion that the size of the wire for the | the definite amount of force exer “7 ; 


arch bar should be increased from 059 ae; the ‘molars by the compression of — 
070 or .075 inch Be I re 
070 or .075 inches: as suggested by the coil springs or the biological re- 
“Haack and W einstein, especially if you , of the tissues to these forces. i 


to move one arm to in- ay 
crease the w idth, thereby. out 


the force on that side. 
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You can also i “the ou_with a Kloehn ixtraoral Mechanism. 


ortho ontics it is frequently neces arranged so that z any date can be locat 
calculate age, duration of treat- ed rapidly. Following each date 
ment and similar intervals of time. The : digit decimal figure which repre 
_ method to be described here is offered sents the actual fraction of a year which 
as a substitute for conv ention method elapsed up to e of that 
on the basis of simplicity, accuracy and = 
applicability. It is especially valuable 
Ww yhere- this type of information is to be 
handled by auxiliary personne 3 
handled by auxiliary personr ad on a year per 365 days. One does 
jected analys sandth of days i is. 8 howts, 


Or thodontic intervals 


combined, their. irregular table varies pet iodically 


‘mathe relationships introduce from . 003 to .002. For other applica- 
"numerous problems and errors. Ws tions, a table calculated for additiona 
I the proposed only one decional places. ‘might be desirable, , but 

unit of time, the year. Smaller intervals, this is not necessary for orthodontic 
to a day, , are represented purposes. For the same reason, no at- 


by decimal parts of a year. This pro- tempt has been made to ‘compensate for 
f leap years since this would ultimately 


racy of ‘require the use of an astronomical cal- 


cal and intervals of time ndar and | special tables for each 
are re recorded in less space, and they can 
be readily manipulated i in pen encil calcu-- rHE 
lations as well as by | mass data handling — 


It is possible to conv dates 
‘decimal values, « an_ intery lowed by the three digit ¢ value 


> 
& age and reconvert the from the table. Since current dates 


conv entional units with an improve- ; begin with 19, this can be omitted fro 
the written date. 


ment in both speed ; and reliability over 
For most applica- Enample: 60.987 is 


tions the decimal values can n be cused for Christmas, 1960. 

dire tly, so that the final step (recon- 


ve sio to ears, months and da s) 
nd reliability are possible through the Age, or any other interv: ‘al between 
of an adding machine. is s determined from « decimal dates 
Conversion to decimal values ve simple subtraction. The value for 
nversion: to conv entional units is ac- the earlier date (small is 
with the decimal calendar 
I). This i is in the form of a table 


The Decimal Calendar 
— — 
— — 
—— 
n of years, single day is slightly less than .003 year 
— 
— 
— 
— 
— 
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NOW 


j we bee | 
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BY Y THE 
15, “1944 = 44, 


RECON 


siai 
thods leaves a remainder which represe nts the 


erting decimal values to number of days. The for the 


units de nding on the degree of month of January is ‘consulted for the 


highest value included in the remain- 


en made In con ‘entional units, 
er 785 years into 


is adequate for most purposes, he 
4  -years, d month , and 


ed months each 1/12 year in le ngth. de 

“standardize d monthly 


This provides more consistent accurac’ 


The e la 
Py . by eliminating the errors introduced by fa ae included in 16. 786 is 750 
months of different length. 


(9/12 year 
In either method of 1 reconversion, the Subtracti ing, 


sometimes fall. between two figures 
table. In situation, the next 


‘The “monthly in 
in the table represent units of a 
ate the plet te twelfth: of a year, not the beg’ 
responds to the decimal value being ning ‘of the last day of the month. These 
erted (for intermediate figures, values actually represent the be ‘ginnin? 
take the next lower date as explained | of the first day of ra hmmnguss- i month, 
abov e). Use the number of months and an so that ; a value coin e 0 
represented by the date shown. these figures wii! a number 


Example: Convert t age 16. 785 ‘years of months plus one day. On the other 


into months and days. hand, a value just be low one e of the 


‘J 


Ayan 


Octe tober. 15 i is the: date cor rrespond- yea ar figures will yield a result 


7 showing one month less, lus thirty or 
ing to 786.00 howing P 
15 thirty- -one di days. This 1 may be 
> 
ctober 15 is months and 15 to » show an additional _ whole 


"days after the first of the year 
=f year = = 30.417 days) 
rhere fore, 16. 786 years 16 


9 ‘months 


— 
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— provides accuracy 
— 
= | 
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— 
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represents the correct date. This is be 
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January, 1961 


pace, 
and ages and similar periods of time 
and ages and similai periods of tim 


may be calculated with greater speed 


nu 
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